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LETTER  L 

Continuation   of  the  Subje^l^  and  of  Miftdkes  in  tbi 

Knowledge  of  Truths 

Madam, 

THE  three  claflfes  of  truths  which  I  have  now  un- 
folded, are  the  only  fources  of  all  our  know- 
ledge ;  all  being  derived  from  our  own  experience^ 
from  reafoning,  or  from  the  report  of  others* 

It  is  not  eafy  to  determine  which  of  thefe  three 
fources  contributes  moft  to  the  increafe  of  know- 
ledge. Adam  and  Eve  mufl  have  derived  theirs 
chiefly  from  the  two  firfl: ;  God,  however,  revealed 
many  things  to  them,  the  knowledge  of  which  is  to 
be  referred  to  the  third  fource,  as  neither  their  own 
experience,  nor  their  powers  of  reafoning,  coiild  have 
conducted  them  fo  far. 

Without  recurring  to  a  period  fo  remote,  we  are 
fufficicntly  convinced,  that  if  we  were  determined  to 
bclict  ••  of  what  we  hear  from  others,  or  read 

Vc  B  ii\ 
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in  their  writings,  we  Ifaould  be  in  a  fiate  of  idmdft 
total  ignorance.  It  u  Tcry&r,  however,  from  bang 
our  duty  to  believe  every  thing  that  is  £ud,  or  that 
we  read.  We  ou^t  cMiitlantly  to  employ  our  dif^ 
ceming  faculties,  not  only  with  refped:  to  truths  ai 
the  third  clais,  but  likewife  of  the  two  otha«. 

We  are  fo  liatde  to  fiiSer  otulelva  to  be  dazzled 
by  the  fenfe^  and  to  mSflake  in  our  reafoningB,  that 
the  very  fources  laid  open  by  the  Creator  for  the 
difcovery  c^  truth,  very  frequency  plunge  us  into 
error.  Notions  of  th*  third  dais,  therefore,  ou^t 
not,  in  rcafon,  to  &11  under  fufpidon,  any  more  tluu 
fuch  as  bdoog  to  the  other  two.  We  ought,  there- 
fore, to  be  equally  on  our  guard  againft  deception^ 
whatever  be  the  cla&  to  which  the  notion  belongs  ; 
for  we  find  as  many  inflances  of  error  in  the  firft 
and  fecond  dafles  as  in  the  third.  The  fame  tMng 
holds  with  regard  to  the  certainty  of  the  pardcidar 
articles  of  knowledge  which  thefe  three  fources  fup- 
ply  J  and  it  cannot  be  affirmed  that  the  truths  of 
any  one  order  have  a  furer  foundation  than  thofe  of 
another.  Each  clafs  is  liable  to  errors,  by  which  we 
may  be  mifled ;  but.  there  are  likcwife  precautions 
which,  carefully  obfcrved,  furniih  us  Mith  nearly 
the  &me  degree  of  conviction.  1  do  not  know 
whether  you  are  more  thoroughly  convinced  of  this 
truth,  that  two  triangles  which  have  the  fame  hafe, 
and  the  lame  height,  are  equal  to  one  another,  than 
of  this,  that  the  Ruffians  have  been  at  Berlin ; 
though  the  former  is  founded  on  a  chain  of  accurate 
reafoniiig. 
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reafoning,  whereas  the  latter  depends  entirely  on  the 
v^acity  of  your  informer. 

^efpe£ting  the  truths,  therefore,  of  each  of  thefe 
daflieS)  we  muft  reft  fatisfied  with  fuch  proofs  as 
|[:orrefpond  to  their  nature ;  and  it  would  be  ridicu* 
lous  to  infifi  upon  a  geometrical  demonftration  of 
the  truths  of  experience,  or  of  hiftory.  This  is  ofu-^ 
ally  the  fault  of  thofe  who  make  a  bad  uie  of  their 
penetration  in  intellectual  truths,  to  require  mathe^- 
matical  demonftration,  in  proof  of  all  the  truths  o£ 
religion,  a  great  part  of  which  belongs  to  the  third 
dais. 

There  ajre  peribns  determined  to  believe  and  ad- 
mit nothing  bi^t  what  they  fee  and  touch ;  what* 
ever  you  would  prove  to  them  by  reafoning,  be  i% 
ever  £o  ^d,  they  are  difppfed  to  fufpedl,  unleis  you 
place  it  before  their  eyes.  Chymifts,  anatomifta, 
and  natural  phUofophers,  who  employ  themielves 
whc^y  in  making  es^riments,  are  moft  chargeable 
with  this  fuilt.  Every  thing  that  the  one  cannot 
mdt  in  his  crucible,  or  the  other  dified:  with  his 
(:alpel,  they  reject  as  unfounded.  To  no  purpofe 
you  would  fpeak  to  them  of  the  qualities  and  nature 
of  the  foul ;  they  admit  nothing  but  what  ftrikes 
the  fenfes. 

Thus,  the  particular  kind  of  ftudy  to  which  every 
one  is  addicted,  has  fuch  a  powerful  influence  on  his 
manner  of  thinking,  that  the  natural  philofopher 
and  chymift  will  have  nothing  but  experiments,  and 
the  geometrician  and  logician  nothing  but  argu- 
ments ;  which  conftitute,  however,  proofs  entirely 
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idifeeaf ,  the  one  attached  to  the  firftdafi,  the  btbor 
to  the  fecond,  which  ought  always  to  be  carefbUy 
diAmguUhed,  accordingtb  the  nature  of  the  d^eds*  *» 
:  But  can  it  be  poffiWe  that  peribns  dould  csiSt^ 
who,  whoUy  abforbed  in  purfutts  pertuning  to  the 
third  d^  call  only  for  proois  derived  from  that 
4bime  i  I  have  known  fome  of  this  de&ription,  vho^ 
toodly  devoted  to  the  Oudy  of  hiltory  and  antiqutey^ 
would  admit  nothing  as  true,  but  what  you  conld 
prove  by  hiftory,  or  the  authnity  of  fomc  andenf 
author.  They  perfedly  agree  with  you,  receding 
the  truth  of  the  propofitions  of  Euclid,  but  mercfy 
on  the  authcaity  of  that  author,  without  paying  any 
attention  to  the  demonftrationa  by  which  he  fiip* 
ports  them ;  they  even  imagine  that  the  contrary 
of  thele  propofitions  might  be  true,  if  the  andent 
geometricians  bad  thought  proper  to  nuuntain  it. 

Thb  is  a  fource  of  error  which  retards  many  in 
the  purfuit  of  truth ;  but  we  find  it  rather  among 
the  learned,  than  among  thofe  who  are  banning  to 
apply  themfdves  to  the  ftudy  of  the  fciences.  Wc 
ought  to  have  no  prediledion  in  favour  of  any  one 
of  the  three  fpedes  of  proofs  which  each  dais  re- 
quires ;  and  provided  they  are  fuffident,  in  thdr 
kind,  we  are  bound  to  admit  them. 

/  have  feen  or  felty  is  the  proof  of  the  firft  clals. 
/  can  dcmonjlrate  it^  is  that  of  the  fecond ;  we  like- 
wife  fay,  /  knew  it  is  fo.  Finally,  /  receive  it  on  the 
tejiimony  of  perfom  worthy  of  credit,  or  /  believe  it  on 
folid  groundsy  is  the  proof  of  the  third  dais. 

LETTER 
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LETTER  II. 

Firjl  Clafs  of  known  Truths.  Conviaion  that  Things' 
exiji  externally  correfponding  to  the  Ideas  reprefented 
by  the  Senfes.     Objeilion  of  the  Pyrrhonijis.     Reply. 

T  T  TE  include  in  the  firft  clafs  of  known  truths, 
^  ^ .  thofe  which  we  acquire  immediately  by  means 
of  the  fenfes.  I  have  already  remarked,  that  they 
not  only  fupply  the  foul  with  certain  reprefentations 
relative  to  the  changes  produced  in  a  part  of  the 
brain  ;  but  that  they  excite  there  a  conviction  of  the 
real  exiftence  of  things  external,  correfponding  to 
the  ideas  which  the  fenfes  prefent  to  us. 

The  foul  is  frequently  compared  to  a  man  fliut  up 
in  a  dark  room,  in  which  the  images  of  external  ob- 
jects are  reprefented  on  the  wall  by  means  of  a  glafs. 
This  comparifon  is  tolerably  juft,  as  far  as  it  refpecls 
the  man  looking  at  the  images  on  the  wall ;  for  this 
aft  is  fufficiently  fimilar  to  that  of  the  foul,  contem- 
plating the  impreflions  made  in  the  brain ;  but  the 
comparifon  appears  to  me  extremely  defective,  as  fer 
as  it  refpefts  the  conviftion,  that  the  objects,  which 
occafion  thefe  images,  really  exitt. 

The  man  in  the  dark  room  will  immediately  fuf* 
peft  the  exiftence  of  thefc  objefts ;  and,  if  he  has  no 
doubt  about  the  matter,  it  is  becaufe  he  has  been  out 
of  doors,  ^nd  has  feen  them  ;  befides  this,  knowing 
the  nature  of  his  glafs,  he  is  affured,  that  nothing  can 
be  reprefented  on  the  wall  but  the  images  of  the  ob* 
jects  which  are  without  the  chamber  before  the  glaisi 
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But  this  is  not  the  cafe  with  the*  foul ;  it  has  never 
quitted  its  place  of  refidcncc  to  contemplate  the  ob-. 
jefts  themfelves  :  and  it  knows  ftill  lefs  the  confln^Cr 
tion  of  the  feniitive  organs,  and  the  ner\'es  which 
terminate  in  the  brain.  It  is,  neverthdefs,  much 
more  powerfully  convinced  of  the  real  exiftence  of 
objects,  than  our  man  in  the  dark  room  poffibly  can 
be.  I  am  apprehenfive  of  no  objccbion  on  the  fubjeft, 
the  thing  being  too  clear  of  itfelf  to  admit  any,  though 
we  do  not  know  the  true  foundation  of  it.  No  one 
ever  entertained  any  doubt  about  it,  except  certain 
vifionaries,  who  have  bewildered  themfelves  in  their 
own  reveries.  Though  they  fay,  that  they  doubt  the 
exiftence  of  external  objefts,  they  entertain  no  fuch 
doubt  in  fact ;  for  why  would  they  have  affirmed  it, 
unlefs  thev  had  believed  the  exiftence  of  other  men, 
to  whom  they  wiftied  to  communicate  their  extrava- 
gant opinions  ? 

This  conviction,  rcfpefting  the  exiftence  of  the 
things  whofe  iiiiagcb  the  Icnfes  rcprefent,  appears  not 
only  in  men  of  every  age  and  condition,  but  likewifc 
in  all  animals.  The  dog  which  barks  at  me  has  no 
doubt  of  my  exiftence,  though  his  foul  perceives  but 
a  flight  image  of  my  perfon.  Hence  I  conclude,  that 
this  conviflion  is  eitentially  connefted  with  our  fcn- 
fations,  and  that  the  truths  which  the  fenfes  convey 
to  us,  lire  as  well  founded  as  the  moft  undoubted 
truths  of  geometry. 

Without  this  conviftion  no  human  fociv.*ty  could 
fubfitt,  for  we  fliould  be  continually  foiling  into  t!ic 
greateft  abfurditics,  and  the  groffcft  coni"  ^s. 

/  - 
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Were  the  pcafantry  to  dream  of  doubting  about 
the  exiftence  of  their  bailiff,  or  foldiers  about  that 
of  their  officers,  into  what  confufion  fhouid  we  be 
plunged!  fuch  abfurdities  are  entertained  only  by 
philofophers ;  any  other  giving  himfelf  up  to  them, 
would  be  confidered  as  having  loft  his  reafon^  Let 
us,  then,  acknowledge  this  conviftion  as  one  of  the 
principal  laws  of  nature,  and  that  it  is  complete, 
though  we  are  abfolutely  ignorant  of  its  true  reafons, 
and  very  far  from  being  able  to  explain  them  in  an 
intelligible  manner. 

However  important  this  rdfleftion  may  be,  it  is 
by  no  means,  however,  exempted  from  difficulties  j 
but  were  they  ever  fq  great,  and  though  it  might  be 
impoffible  for  us  to  folve  them,  they  do  not  in  the 
fmalleft  degree  affeft  the  truth  which  I  have  juft 
eftabliihed,  and  which  we  ought  to  confider  as  the 
mofl  folid  foundation  of  human  knowledge. 

It  muft  be  allowed,  that  our  fenfes  fometimes  de» 
ceive  us ;  and  hence  it  is  that  thofe  fubtile  philofo- 
phers, who  value  themfelves  on  doubting  of  every 
thing,  deduce  the  confequence,  that  we  ought  never 
to  depend  on  our  fenfes.  I  have  perhaps  oftener 
than  once  met  an  unknown  perfon  in  the  ftreet, 
whom  I  miftook  for  an  acquaintance :  as  I  was  de- 
ceived in  that  inftance,  nothing  prevents  my  being 
always  deceived ;  and  I  am,  therefore,  never  aflured, 
that  the  perfoi^  to  whom  I  fpeak  is  in  reality  the  one 
I  imagine. 

Were  I  to  go  to  Magdeburg,  and  to  prefent  my- 
felf  to  your  Highneis,  I  ought  always  to  be  appre- 
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henfive  of  gromf  miflaking :  nay^  perhaps,  I  fliiHd4^^ 
not  be  at  Magdeburg,  for  there  are  inflaiiofts  oC.j# 
man's  fomctimes  taking  one  dty.fbr  another.  It  hi 
even  poffiUe  I  may  never  have  had  the  happinefi  <§ 
fedng  youy  but  was  always  under  the  power  of  diSr 
luiiony  when  I  thought  myicdf  to  be  enjoying  that 
fdJidty. 

Such  are  the  natural  confequences  refulting  frooi: 
the  fentiments  of  certain  philofophers ;  and  you  muft 
be  abundandy  fenlible,  that  they  not  only  lead  ta 
noanifeft  abfurdity,  but  have  a  tendency  to  diflolv^ 
all  the  bands  of  fbciety« 

JibAffilf  1761, 
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Another  Objection  of  the  Pyrrhonijis  againft  the  Certainty, 
of  Truths  perceived  by  the  Senfes*  Reply ;  and  PTe\ 
cautions  for  attaining  AJfurance  offenjible  Truths. 

THOUGH  the  objedlion  raifed  againft  the  cer^ 
tainty  of  truths  perceived  by  the  fenies,  of 
which  I  have  been  fpeaking,  may  appear  fuflGiciently 
powerful,  attempts  have  been  made  to  give  it  addi« 
tional  fupport  from  the  well-known  maxim,  that 
we  ought  never  to  truft  him  who  has  once  deceived 
us.  A  fingle  example,  therefore,  of  miftake  in  the 
fenfts,  is  fufficicnt  to  deftroy  all  their  credit.  If  thb 
objcftion  is  well-founded,  it  muft  be  admitted,  that 
human  fociety  is,  of  courfe,  completely  fubverted. 
By  way  of  reply,  I  remark,  that  the  two  other 
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Iburees.  of  knowledge  are  fubjeA  to  difficulties  of  a 
fimilar  nature,  nay  perhaps  ftiU  more  formidable. 
How  often  are  our  reafonings  erroneous  ?  I  venture 
to  affirm,  that  we  are  much*  more  frequently  de^ 
ceived  by  thefe,  than  by  our  fenfes.  But  does  it 
follow,  that  our  reafonings  are  always  fallacious,  and 
that  we  can  have  no  dependance  on  any  truth  difco^ 
vered  to  us  by  the  underftanding?  It  muft  be  a  mat* 
ter  of  doubt,  then,  whether  two  and  two  make  four,^ 
or  whether  the  three  angles  of  a  triangle  be  equal  to 
two  right  angles ;  it  would  even  be  ridiculous  to  pre- 
tend that  this  fliould  pafs  for  truth.  Though,  there- 
fore, men  may  have  frequently  reafoned  inconclu- 
lively,  it  would  be  moft  abfurd  to  infer,  that  there 
are  not  many  intelleftual  truths,  of  which  we  have 
the  moft  complete  conviftion. 

The  fame  remark  applies  to  the  third  fource  of 
human  knowledge,  which  is  unqueftionably  the  moft 
fubjecl  to  error.  How  often  have  we  been  deceived 
by  a  groundlefs  rumour,  or  falfe  report  refpefting 
certain  events  ?  And  who  would  be  fo  weak  as  to 
believe  all  that  gazetteers  and  hiftorians  have  writ- 
ten ?  At  the  fame  time,  whoever  fliould  think  of 
maintaining  that  every  thing  related  or  written  by 
others  is  falfe,  would  undoubtedly  fall  into  greater 
abfurdities,than  the  perfon  who  believed  every  thing* 
Accordingly,  notwithftanding  fo  many  groundlefs 
reports  and  falfe  teftimonies,  we  are  perfeftly  aflured 
of  the  truth  of  numberlefe  fads,  of  which  we  have 
no  evidence  but  teftimony. 

There  ar<  harafters  which  enable  us  to 
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diftinguifh  truth,  and  each  of  the  three  fources  has 
characters  peculiar  to  itfdf.  When  my  eyes  have 
deceived  me,  in  miftaking  one  man  for  another,  I 
prefcntly  difcovered  my  error  j  it  is  evident,  then- 
fore,  that  precautions  may  be  ufed  for  the  preyen* 
tion  of  error.  If  there  were  not,  it  would  be  im« 
pofTible  ever  to  perceive  that  we  had  been  deceived^ 
Thofe,  then,  who  maintain  that  we  fo  often  deceive 
ourfelves,  are  obliged  to  admit,  that  it  is  poilible  for 
us  to  perceive  we  have  been  deceived,  or  they  muft 
acknowledge  that  they  themfelves  are  decdived  when 
they  charge  us  with  error. 

It  is  remarkable,  that  truth  is  fo  well  efiablifhed, 
that  the  moft  violent  propenfity  to  doubt  of  every 
tiling,  muft  come  to  this,  in  fpite  of  itfelf.  There- 
fore,  as  logick  prefcribcs  rtiles  for  juft  reafoning,  the 
obfervance  of  which  will  fecure  us  from  error,  where 
intellectual  truth  is  concerned ;  there  are  likewife 
certain  rules,  as  tvell  for  the  firft  fource,  that  of  our 
fenfcs,  as  for  the  third,  that  of  belief. 

The  rules  of  the  firft  are  fo  natural  to  us,  that  all 
men,  the  moft  ftupid  not  excepted,  underftand  and 
praclife  them  much  better  than  the  greateft  fcholars 
are  able  to  defcribe  them.  Though  it  may  be  eafy 
fometimes  to  confound  a  clown,  yet  when  the  hail 
dcftroys  his  crop,  or  the  thunder  breaks  upon  his 
cottage,  the  moft  ingenious  philofophcr  will  never 
perfuide  him  that  it  was  a  mere  illufion  ;  and  every 
man  of  fenfc  muft  admit  that  the  country-fellow  is 
in  tiie  right,  and  that  he  is  not  always  the  dupe  of 
the  failaciouihcis  of  his  fcnles.   The  pliilolbpher  may 
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|>e  abte,  perhaps,  to  perplex  him  to  fuch  a  degree 
that  he  ihall  be  unable  to  reply,  but  he  wHl  inwardly 
treat  all  the  fine  reafonings,  which  attempted  to  con« 
found  him,  with  the  utmoft  fcorn.  The  argument, 
that  the  fenfes  fometimes  deceive  us,  will  make  but 
a  very  flight  imprefCon  on  his  mind ;  and  when  he 
is  told,  with  the  greateft  eloquence,  that  every  thing 
the  fenfes  reprefent  to  us  has  no  more  reality  than  the 
yiiions  of  the  night,  it  will  only  provoke  laughter. 

But  if  the  clown  fliould  pretend  to  play  the  phi- 
krfbpher,  in  his  tutn,  and  maintain  that  the  bailiff  is 
a  mere  phantqm,  and  that  all  who  confider  him  as 
fomething  real,  and  fubmit  to  his  authority,  are 
fools  >  this  fublime  philofophy  would  be  in  a  mo- 
ment overturned,  and  the  leader  of  the  feft  foon 
inade  to  feel,  to  his  coft,  the  force  of  the  proofs  which 
the  bailiff  could  give  him  of  the  reality  of  his  ex- 
iftence. 

You  muft  be  perfeftly  fatisfied,  then,  that  there 
are  certain  chara£):ers  which  deftroy  every  fiiadow 
of  doubt  refpefting  the  reality  and  truth  of  what  we 
know  by  the  fenfes ;  and  thefe  fame  charafters  are  jR> 
weU  known,  and  fo  ftrongly  impreffed  on  our  minds, 
that  we  are  never  deceived  when  we  employ  the 
precautions  neceffary  to  that  efFe<^.  But  it  is  ex- 
tremely difficult  to  make  an  exaft  enumeration  of 
thefe  xJiaraclers,  and  to  explain  their  nature.'  W« 
commonly  (liy,  that  the  fenfitive  organs  ought  to  be 
in  a  good  natural  ftate ;  that  the  air  ought  not  to  be 
pbfcurcd  by  a  fog ;  finally,  that  we  muft  employ  a 
fulficient  degree  of  attention,  and  endeavour,  above 
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all  things,  to  examine  the  fame  objeft  fay  ttro  or 
more  of .  our  fenies  at  once.  But  I  am  firmly  per- 
fuaded,  that  every  one  knows,  and  puts  iii  pradioey 
rules  much  more  folid  than  any  which  could  be  pro* 
fcribcd  to  him. 

\uh  Aprils  1 76 1. 
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Of  demonjlraiivej  fbjfttal^  and  particularly  of  nwral^ 

Certainty. 

^nr^HERE  are,  therefore,  three  Ipecies  of  know- 
-*•  ledge,  which  we  muft  confider  as  equally  cer- 
tain, provided  we  employ  the  precautions  neceflary 
to  fecure  us  againft  error.  And  hence,  likewife,  re« 
fult  three  fpecies  of  certainty. 

The  firft  is  called  ph^ual  certainty.  When  I  am 
convinced  of  the  truth  of  any  thing,  becaufe  I  my- 
felf  have  fcen  it,  I  have  a  phyfical  certainty  of  it ; 
and,  if  I  am  afked  the  reafon,  I  anfwer,  that  my  own 
fenfes  give  me  full  affurancc  of  it,  and  that  I  am,  or 
have  been,  an  eye-witnefs  of  it.  It  is  thus  I  know, 
that  Auftrians  have  been  at  Berlin,  and  that  fome 
of  them  committed  great  irregularities  there.  I 
know,  in  the  fame  manner,  that  fire  confumes  all 
combuftible  fubftances;  for  I  myfelf  have  feen  it,  and 
I  have  a  phyfical  certainty  of  its  truth. 

The  certainty  which  we  acquire  by  a  procefs  of 
reafoning,  is  called  logical  or  demonjlratifue  certainty^ 
becaufe  we  are  convinced  of  its  truth  by  demonflira- 

tion. 
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tlon.  The  truths  of  geometry  may  here  be  produced 
as  examples,  and  it  is  logical  certainty  which  gives 
us  the  affurance  of  them. 

Finally,  the  certainty  which  we  have  of  the  truth 
of  what  we  know  only  by  the  report  of  others,  is 
called  moral  certainty ^  becaufc  it  is  founded  on  the 
credibility  of  the  perforts  who  make  the  report.  Thus, 
you  have  only  a  moral  certainty  that  the  Ruffians 
have  been  at  Berlin,  and  the  fame  thing  applies  to 
all  hiftorical  fads.  We  know  with  a  moral  certainty, 
that  there  was  formerly  at  Rome  a  Julius  Cariar,  an 
Auguftus,  a  Nero,  &c.  and  the  teftimonies  refpefting 
thefe  are  fo  authentic,  that  we  are  as  fully  convinced 
of  them,  as  of  the  truths  which  we  difcover  by  our 
fenfes,  or  by  a  chain  of  fair  reafoning. 

We  muft  take  care,  however,  not  to  confound 
thefe  three  (pedes  of  certainty,  phyfical,  logical,  and 
moral,  each  of  which  is  of  a  nature  totally  different 
from  the  others.  1  propofe  to  treat  of  each  fepa- 
rately ;  and  fliall  begin  with  a  more  particular  expla- 
nation of  moral  certainty,  which  is  the  third  fpecies. 

It  is  to  be  attentively  remarked,  that  this  third 
fource  divides  into  two  branches,  according  as  others 
fimply  relate  what  they  themfclves  have  feen,  or  made 
full  proof  of  by  their  fenfes,  or  as  they  communicate 
to  us,  together  with  thefe,  their  refleftions  and  rea- 
fonings  upon  them.  We  might  add  ftill  a  third 
branch,  when  they  relate  what  they  have  heard  from 
others. 

As  to  this  third  branch,  it  is  generally  allowed  to 
be  very  liable  to  error,  and  that  a  witnels  is  to  be 

believed 


believed  only  refpeding  what  he  himielf  haft  feeh  ei 
experienced.    Accordifigly,  in  couits  of  jufiice,  whes 
witneffes  are  examined,  great  care  is  taken  to  dif* 
tingui£b,  in  their  declarations,  what  they  themielves 
have  ieen  and  experienced,  from  wh^t  they  fre* 
quently  add  of  their  refledions  and  reafonings  upon 
it.    Strefe  is  ^aid  only  on  what  they  then^lves  hav^ 
ieen  or  experienced;  but  their  reflections,  and  the 
conclufions  which  they  draw,  however  well  founded 
they  may  otherwife  be,  are  entirely  fet  afide.    The 
iame  maxim  is  obierved  with  refpeft  to  hiftorians, 
and  we  wifli  them  to  relate  only  what  they  themr* 
felves  have  witneffed,  without  purfuing  the  reflect- 
tions.  which  they  £b  frequently  annex,  though  thcfe 
may  be  a  great  ornament  to  hiftory.    Thus  we  have 
a  greater  dependance  on  the  truth  of  what  others 
have  experienced  by  their  own  fenfes,  than  on  what 
they  have  difcovered  by  purfuing  their  meditations. 
Every  one  wilhes  to  be  mafter  of  his  own  judgment, 
and  unlefs  he  himfelf  feels  the  foundation  and  the 
dcnionft ration,  he  is  not  perfuaded« 

Euclid  would  in  vain  have  announced  to  us  the 
moft  important  truths  of  geometry ;  we  fhould  ne- 
ver have  believed  him  on  his  word,  but  have  infifted 
on  profecuting  the  demonftr ation  ftep  by  ftcp  our- 
fcjves.  If  I  were  to  tell  you,  that  I  had  feen  fuch 
or  fuch  a  thing,  fuppofing  my  report  faithful,  you 
would  without  hefitation  give  credit  to  it ;  nay  I 
iliould  be  very  much  mortified  if  you  were  to  fuf- 
pecl  me  of  falftiood.  But  when  I  inform  you,  that 
in  a  right-angled  triangle,  the  fquares  defcribed  on 

the 
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tlie  t9H!>  finaller  fides  are  together  equal  to  the  fquare 
of  the  greater  fide^  I  do  not  wifh  to  be  beKcved  on 
my  word,  though  I  am  as  much  convinced  of  it,  as 
k  is  poflible  to  be  of  any  thing ;  and  though  I  could 
allege,  to  the  fame  purpofe,  the  authority  of  the 
greateft  geniufes  who  have  had  the  fame  conviftion, 
I  fliould  rather  wifli  you  to  difcredit  my  affertion, 
and  to  withhold  your  aflent,  till  you  yourfelf  com- 
prehended the  folidity  of  the  reafonings  on  whick 
the  demonftration  is  founded. 

It  does  not  follow,  however,  that  phyfical  cer- 
tsunty,  or  that  which  the  fenfes  fupply,  is  greater 
than  logical  certainty,  founded  on  reafonihg;  but, 
whenever  a  truth  of  this  fpecies  prefents  itfelf,  it  is 
proper  that  the  mind  fliould  give  clofe  application  to 
h,  and  become  mafter  of  the  demonftration.  Tliis 
is.the  beft  metliod  of  cultivating  the  fciences,  and  of 
carrying  them  to  the  higheft  degree  of  perfeftion. 

The  truths  of  the  fenfes,  and  of  hiftory,  greatly 
multiply  the  particulars  of  human  knowledge;  but 
the  faculties  of  the  mind  are  put  in  aclion  only  by 
reflection  or  reafoning. 

We  never  ftop  at  the  fimple  evidence  of  the  fenfes, 
or  the  fiafts  related  by  others;  but  always  follow 
them  up  and  blend  them  with  reflections  of  our 
own :  we  infenfibly  fupply  what  feems  deficient,  by 
the  addition  of  caufes  and  motives,  and  tlie  deduc- 
tion of  confequences.  It  is  extremely  difficult,  for 
this  reafon,  in  courts  of  juftice,  to  procure  fimple, 
unblended  teftimony,  fuch  as  contains  what  the  wit- 
nels  aftually  faw  and  felt,  and  no  more;  for  witnefTes 

ever 
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ever  will  be  mingling  their  own  reflections,  without 
perceiving  that  they  are  doing  fo. 

l^kJpril^  1761.     ' 


LETTER    V. 

Remarks  that  the  Senfes  contribute  to  the  Increafe  of 
Knowledge;  and  Precautions  for  acquiring  the  Cer^ 
tainty  of  Hi/iorical  Truths. 

^  I  ^HE  knowledge  fupplied  by  our  fenfes  is  un- 
-*"  doubtedly  the  earlieft  which  we  acquire,  and 
upon  this  the  foul  founds  the  thoughts  and  reflec-^ 
tions  which  difcover  to  it  a  great  variety  of  intel- 
le6hial  truths.  In  order  the  better  to  comprehend 
how  the  fenfes  contribute  to  the  advancement  of 
knowledge,  I  begin  with  remarking,  that  the  fenfes 
a£t  only  on  individual  things,  which  actually  exift 
under  circumftances  determined  or  limited  on  all 
fides. 

Let  us  fuppofe  a  man  fuddenly  placed  in  the  world, 
pofTcfrcd  of  all  his  faculties,  but  entirely  deftitute  of 
experience;  let  a  ftone  be  put  in  his  hand,  let  him 
then  open  that  lumd,  and  obferve  that  the  ftone  falls. 
This  is  an  experiment  limited  on  all  fides,  which 
gives  him  no  information,  except  that  this  ftone  be- 
ing in  the  left  hand,  for  example,  and  dropped,  falls 
to  the  ground ;  he  is  by  no  means  abfolutely  certain 
that  the  fame  effect  would  cnfue,  were  he  to  take 

another  ftone,  or  the  fame  ftone  with  his  right  hand. 

It 


It  U  ftill  uncertain  i^hether  this  fkfntj  under  the 
fame  ciFcumfianfces,  would!  i^^ain  hU^  or  whether  it 
would  have  fallen,  had  it  been  taken  up  an  hour 
fobner.  This  ej^rimeht  alone  gives  hinino  light 
refpefting  thefe  piuticulars. 

Thei  man  in  queftion  takes  another  flon6,  and  ol>* 
ferves  that  it  falls  likewife/ whether  dropped  from 
the  right  hand  or  from  the  fefl: }  he  repeiats  the  cxi 
periment  with  a  third  jand  a  fourth  fione,  and  uhii 
formly  obferves  the  fame  t&St.  He  hence  concludes 
that  ftones  have  the  property  of  falling  when  drop^ 
ped,  or  when  that  which '  fupports  4liein  is  with** 
drawn. 

Here  then  is  an  article  of  knowledge  which  the 
man  has  derived  from  the  experiments  which  he  :has 
made.  He  is  very  far  from  having  made  trial  of 
every  flone,  or,  fuppofing  him  to  have  done  fo,  what 
certainty  has  he  that  the  fame  thing  would  happen 
at  all  times? .  He  knows  nothing  as  to  this,  except 
what  concerns  the  particular  moments  when  h^  made 
the  experiments ;  and  what  aiTurance  has  he  that  the 
fame  eficA  would  take  place  in  the  hands  of  another 
man?  Might  he  not  think,  that  this  quality  of 
making  flones  fall  was  attached  to  his  hands  exclu- 
sively? A  thoufend  other  doubts  might  flill  be 
formed  on  the  fubjccl. 

I  have  never,  for  example,  made  trial  of  the  ftones 
which  compofe  the  cathedral  church  of  Magdeburg, 
and  yet  Ihave  not  the  leaft  doubt,  that  all  of  them 
without  exception  are  heavy,  and  that  each  of  them 
would  fall  as  foon  as  detached  from  the  building. 

Vol.  II.  C  I  even 
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I  even  imagine  that  experience  has  fupplied  me  with 
this  knowledgip>  thougjb  I  have  never  tried  any  one 
of  thofe  ftones. 

This  example  is  iuffident  to  ihew,  how  cxperi« 
ments  made  on  individual  objecb  only,  have  led 
mankind  to  the  knowledge  of  univerfal  propofitions ; 
but  it  muft  be  admitted,  that  the  Underftanding  and 
the  other  faculties  of  the  foul  interfere  in  a  manner 
uHbich  it  would  be  extremely  difficult  clearly  to  uu* 
fold;  and  if  we  were  determined  to  be  over  fcrupu- 
lous  about  every  circunjfiance,  no  progrefs  in  fcience 
could  be  madt»  for  we  ihould  be  ftopped  {hort  at 
every  ftep. 

It  muft  be  allowed,  that  the  vulgar  difcover,  in 
this  refpec):,  much  more  good  fcnle  than  thofe  km- 
puknis  philofophers,  who  are  obftinatdy  determined 
to  doubt  of  every  tiling.  It  is  neceffary,  at  the  fame 
time,  to  be  on  our  guard  againft  falling  into  the  op» 
poiite  extreme,  by  neglecting  to  employ  the  neccflary 
precautions. 

The  three  fources  from  which  our  kno^'ledge  is 
derived,  require  all  of  them  certain  precautions, 
voich  muft  be  carefully  obferved,  in  order  to  ac- 
aflurance  of  tlie  truth ;  but  it  is  poflible,  in 
to  carry  matters  too  far,  and  it  is  always  pro-^ 
r  lo  ftcer  a  middle  courfe. 
I!!^  tliird  fource  clearly  proves  this.  It  would 
ly  be  extreme  folly  to  believe  every  thing 
m  udd  us;  but  exceflive  diftruft  would  be  no 
thy.  lie  who  is  determined  to  doubt 
lUngi  will  never  vn^t  a  pretence ;  when  a 
a^  man 
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man  £175,  or  writes,  that  he  has  feen  fuch  or  fuch 
an  adion,  we  may  fay  at  once,  that  is  not  true,  and 
that  the  man  takes  amufement  in  relating  things 
which  may  excite  furprize;  and  if  his  veracity  is 
beyond  fufpicion,  it  might  be  faid,  that  he  did  not 
fee  clearly,  that  his  eyes  were  dazzled;  and  examples 
are  to  be  found  in  abundance  of  perfons  deceiving 
thcmfdves,  falfcly  imagining  they  faw  what  they  did 
not.  The  niles  prefcribed,  in  this  refpefb,  lofe  \dl 
their  weight  when  you  have  to  do  with  a  wrangler. 

Ufually,  in  order  to  be  afcertained  of  the  truth  of  a 
redtai  or  hiftory,  it  is  required,  that  the  author  Ihould 
have  been  himfelf  a  witnefs  of  what  he  relates,  and 
that  he  ihould  have  no  interefl:  hi  relating  it  diffe- 
rently from  the  truth.  If  afterwards  two  or  more 
perfons  relate  the  iame  thing,  with  the  fame  circum- 
ftances,  it  is  juftly  confidered  as  a  ftrong  confirma- 
tion. Sometin^es,  however,  a  coincidence  carried 
to  extreme  minutenefa  becomes  fufpidous.  For  two 
perfons  obferving  the  fame  incident,  fee  it  in  diffe- 
rent points  of  view,  and  the  one  will  always  difcern 
certain  litde  circumflances  which  the  other  mufl  have 
overlooked.  A  flight  difference  in  two  feveral  ac- 
counts of  the  fame  event,  rather  eflablifhes  than  in- 
validates the  truth  of  it. 

But  it  is  always  extremely  difficult  to  reafon  on 
the  firfl  principles  of  our  knowledge,  and  to  attempt 
an  explanation  of  the  meclianifm  and  of  the  moving 
powers  which  the  foul  employs.  It  would  be  glo- 
rious to  fucceed  in  fuch  an  attempt,  as  it  would  elu- 
cidate  a  great  variety  of  important  points  refpefting 
the  nature  of  the  foul  and  its  operations.    But  we 
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teem  dcftined  rather  to  make  ufe  of  our  facilities^ 
than  to  trace  their  nature  diroagh  all  its  depths. 

.  i^ib  j^n^  1 761. 
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A  FTER  fo  many  refleftions  on  the  nature  and 
-^^  £aculties  of  the  foul,  you  will  not,  perhaps,  be 
difpleafed  to  return  to  the  oonfideration  of  body,  the 
principal  properties  of  which  I  have  already  endea- 
voured to  explain^ 

I  have  renuu*ked  that  the  nature  of  body  necef* 
farily  contains  three  things,  extenfim^  impenetrability^ 
and  inertia ;  fo  that  a  being,  in  which  thefe  three 
properties  do  not  meet  at  once,  cannot  be  admitted 
into  the  dafs  of  bodies ;  and  reciprocally,  when  they 
are  united  in  any  one  being,  no  one  will  hefitate  to 
acknowledge  it  for  a  body. 

In  thefe  three  things,  then,  we  are  warranted  to 
conftitute  the  eflence  of  body,  though  there  are  many 
philofophers  who  pretend  that  the  eflence  of  bocUes 
is. wholly  unknown  to  us.  This  is  not  only  the 
opinion  of  the  Pyrrhonifts,  who  doubt  of  every 
thing ;  but  there  are  other  fcfts  likewife,  who  main* 
tain,  that  the  eflence  of  all  things  is  abfolutely  un- 
known :  and  no  doubt,  in  certain  refpefts  they  have 
truth  on  their  fide :  this  is  but  too  certain  as  to  all 
the  individual  beings  which  cxift. 

You  will  eafily  comprehend,  that  it  would  be  the 
height  of  abfurdity  were  I  to  pretend  fo  much  as  to 

ki^^ 
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know  the  effence  of  the  pen  which  I  empby  in  writ- 
ing this  letter.     If  I  knew  the  effence  of  this  pen,  (T 
fpeak  not  of  pens  in  general,  but  of  that  one  only 
now  between  my  fingers,  which  is  an  individual  beings 
as  it  is  called  in  metaphyfics,  and  which  is  diftin- 
guifhed  from  all  the  other  pens  in  the  world ;)  if  I 
knew,  then,  the  effence  of  this  individual  pen,  I 
fhould  be  in  a  condition  to  diftinguifli  it  from  every 
other,  and  it  would  be  impoflible  to  change  it  with* 
out  my  perceiving  the  chanjfc }  I  muft  know  its  na- 
ture thoroughly,  the  number  and  the  arrangement  of 
aU  the  parts  whereof  it  is  compofed.     But  how  far 
am  I  from  having  fuch  a  knowledge !  Were  1  to  rife 
but  for  a  njoment,  one  of  my  children  might  ealily 
change  it,  leaving  another  in  its  room,  without  my 
perceiving  the  difference  ;  and  were  I  even  to  put  3, 
mark  upon  it,  how  eafily  might  that  mark  be  coun- 
terfeited on  another  pen  ?     And  fuppofing  this  im- 
poflible  for  my  children,  it  muft  always  be  admitted 
as  pdffible  for  God  to  make  another  pen  fo  fimilar  to 
this,  that  I  fhould  be  unable  to  difcern  any  difference. 
It  would  be,  however,  another  pen,  really  diftin- 
guiihable  from  mine,  and  God  would  undoubtedly 
know  the  difference  of  them  ;  in  other  words,  God 
perfeftly  knows  the  effence  of  both  the  one  and  the 
other  of  thefe  two  pens :  but  as  to  me,  who  difcern 
no  difference,  it  is  certain  that  the  effence  is  altogether 
beyond  my  knowledge. 

The  fame  obfervation  is  applicable  to  all  other  in« 
dividual  things ;  and  it  may  be  confidently  main- 
tained, that  God  alone  can  know  the  effence  or  na- 
ture of  each.    It  were  impoffible  to  ftx  oiv  -xioj  ot^t. 
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LETTER  Vn. 

I 

The  true  Notion  of  Extenjion. 

T  HAVE  already  demonftrated,  that  the  genera) 
•^  notion  of  body  neceflarily  comprehends  thcfip 
•three  qualities^  extenfipn,  impenetrability 9 and  inertia, 
witliout  which  no  being  can  be  ranked  in  the  clafs  of 
bodies.  Even  the  moft  fciiupulous  muft  allow  the 
nccellity  of  thefe  three  qualities,  in  order  to  confli- 
tutc  a  body ;  but  the  doubt  with  fome  is.  Are  thefe 
three  charaftcrs  fufficient  ?  Perhaps,  iay  they,  ther^ 
may  be  ieycral  other  characters,  which  are  equally 
ncceffary  to  the  effence  of  body* 

But  I  afk  :  were  God  to  create  a  being  dive:fted  of 
thefe  other  unknown  charadcrs,  and  that  it  pofTeffcd 
only  the  three  above  mentioned,  Would  they  hcli- 
tate  to  give  the  name  of  body  to  fuch  a  being  ?  N  c), 
affurcdly ;  for  if  they  had  the  Icatt  doubt  on  the 
fubjed,  they  could  not  fay  with  certainty,  that  the 
ftones  in  the  ftreet  are  bodies,  becaufe  they  arc  not 
furc  wliether  the  pretended  unknown  characters  arc 
to  be  found  in  them  or  no. 

Some  imagine,  that  gravity  is  an  cffcntial  property 
of  all  bodies,  as  all  thofe  which  we  know  are  heavy; 
l)ut  were  God  to  diveft  them  of  gravity,  would  they 
^  therefore  ccafc  to  be  bodies?  Let  them  confider  the 
heavenly  bodies,  which  do  not  fall  downward ;  as 
muft  be  liic  cafe,  if  they  were  heavy  as  the  bodies 
which  we  louch,  yet  they  give  them  the  fame  name. 

And 
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And  even  on  the  fuppofition  that  all  bodies  were 
heavy,  it  would  not  follow  that  gravity  is  a  property 
cfliential  to  them,  for  a  body  would  ftill  remain  a 
body,  though  its  gravity  were  to  be  deftroyed  by  a 
miracle. 

But  this  rcafoning  does  not  apply  to  the  three  ef- 
(ential  properties  above  mentioned.  Were  God  to 
anni|iilate  the  cxtcniion  of  a  body,  it  would  certainly 
be  no  longer  a  body ;  and  a  body  divefted  of  impe- 
netrability would  no  longer  be  body  ;  it  would  be  a 
fpecbre,  a  phantom :  the  fame  holds  as  to  inertia. 

You  know  that  extenfion  is  the  proper  object  of 
geometry,  which  confiders  bodies  only  in  fo  far  as 
they  are  extended,  abftracledly  from  impenetrability 
and  inertia ;  the  object  of  geometry,  therefore,  is  a 
notion  much  more  general  than  tliat  of  body,  as  it 
comprehends  not  only  bodies,  but  all  beings  fimply 
extended  without  impenetrability,  if  any  fuch  there 
be.  Hence  it  follows,  that  all  the  properties  deduced 
in  geometry  from  the  notion  of  extenfion  muft  like- 
wife  take  place  in  bodiqs,  in  as  much  as  they  are  ex- 
tended ;  for  whatever  is  applicable  to  a  more  generitl 
liotion^  to  that  of  a  tree,  for  example,  muft  likewife 
be  applicable  to  the  notion  of  an  oak,  an  aih,  an  elm, 
&c.  and  this  principle  is  ev^n  the  foundation  of  all 
the  rcafonings  in  virtue  of  which  wc  always  affirm 
aftid  deny  of  the  fpecies,  and  of  individuals,  every 
thing  that  we  i^flirm  and  deny  of  the  genus. 

There  are  however  philofophers,  particularly  among 
pur  contemporaries,  who  boldly  deny,  that  the  pro- 
perties applicable  to  extenfion,  in  general,  tluit  is, 
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according  as  we  con^der  them  in  geometry,  take 
place  in  bodied  really  exifting.  They  allege  that  geo- 
metrical extenfion  is  an  abftra(fl  being,  from  the  pro* 
perties  of  which  it  is  impoffible  to  draw  any  condu- 
fion,  with  refpecl  to  real  obje£b :  thus,  when  I  have 
demonflrated  that  the  three  angles  of  a  triangle  are 
together  equal  to  two  right  angles,  this  is  a  property 
belonging  only  to  an  abftradfc  triangle,  and  not  at  all 
to  one  really  exifting. 

But  thefe  philofophers  are  not  aware  of  the  per* 
plexing  confcquences  which  naturally  refult  from 
the  difference  which  they  eftablifli  between  objeds 
formed  by  abftradtion,  and  real  obje6b ;  and  if  it 
were  not  permitted  to  conclude  from  the  firft  to  the 
laft,  no  condufion,  and  no  reafoning  whatever  could 
fubfift,  as  we  always  condude  from  general  notions 
to  partioxlar. 

Now  all  general  notions  are  as  much  abfirad  beings 
as  geometrical  extenfion ;  and  a  tree,  in  general,  or 
the  general  notion  of  trees,  is  formed  only  by  alvr 
ilra<%ion,  and  no  more  exifts  out  of  our  mind  than 
geometrical  extenfion  does.  The  notion  of  man  in 
general  is  of  the  fame  kind,  and  man  in  general  no 
where  exifts :  all  men  who  exift  are  individual  beings, 
.  ;ind  corrcfpond  to  individual  notions.  The  general 
idea  which  coniprehcnds  all,  is  formed  only  by  ab- 
fcraclion. 

The  fiiult  which  thefe  philofophers  are  ever  find- 
ing with  geometricians,  for  employing  thcmfelves 
about  abftradions  merely,  is  therefore  groundlefs,  as 
all  other  fciences  principally  t\jirn  on  general  notions, 
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which  are  no  more  real  than  the  obje6h  of  geometry. 
The  patient,  in  general,  whom  the  phyfician  has  in 
▼icw,  and  the  idea  of  whom  contains  all  patients 
really  exifiing,  is  only  an  abftraft  idea ;  nay  the  very 
nierit  of  each  fcience  is  fo  much  the  greater,  as  it  ex- 
tends to  notions  more  general,  that  is  to  fay,  more 
abftrad. 

I  IhaU  endeavour,  by  next  poft,  to  point  out  the 
tendency  of  the  cenfures  pronounced  by  thefe  phi- 
kxfophers  upon  geometricians  ;  and  the  reafons  why 
they  are  unwilling  that  we  fhould  afcribe  to  real, 
extended  beings,  that  is,  to  exiiiing  bodies,  the  pro- 
perties applicable  to  exteniion  in  general^  or  to  ab- 
ilraAed  extenfion.  They  arc  afraid  left  their  meta- 
phyfical  principles  ftiquld  fufier  in  the  caufe. 

^yb  Aprily  1761. 
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LETTER  Vm. 
Divifibility  of  Exten/ion  in  infinitum. 

THE  controverfy  between  modern  philofophers 
and  geometricians  to  which  I  have  alluded, 
turns  on  the  divifibility  of  body.  This  property  is 
undoubtedly  founded  on  extenfion,  and  it  is  only  in 
lb  far  as  bodies  are  extended  that  they  are  divifible, 
and  capable  of  being  reduced  to  parts. 

You  will  recoiled  that  in  geometry  it  is  always 
poilible  to  divide  a  line,  however  fmall,  into  two 
^ual  parts.     We  are  like  wife,  by  that  fcience,  in- 
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to  admit  of  no  farther  divifion ;  each  part,  then, 
would  no  longer  have  any  length,  for  if  ii  had  any^ 
it  would  be  ft  ill  divifible.    Each  particle,  then,  would 
of  confequence  be  a  nothing.     But  if  thcfe  thouland 
particles  together  conftituted  the  length  of  an  inch, 
the  thoufandth  part  of  an  inch  would,  of  confequence, 
be  a  nothing ;  which  is  equally  abfurd  with  main- 
taining, that  the  half  of  any  quantity  whatever  is 
nothing.    And  if  it  be  abfutd  to  ailirm,  that  tlie  half 
of  any  quantity  is  nothing,  it  is  equally  fo  to  affirm, 
that  the  half  of  a  half,.or  that  tl\e  fourth  part  of  the 
fame  quantity,  is  nothing ;  and  what  muft  be  granted 
as  to  the  fourth,  muft  likewife  be  granted  with  re- 
fpeA  to  the  thoufandth,  and  the  millionth  part.    Fi- 
nally, however  far  you  may  have  already  carried,  in 
imagination,  the  divifion  of  an  inch,  it  is  always 
poffible  to  carry  it  ftill  farther ;  and  never  will  you 
be  able  to  carry  on  your  fubdivifion  fo  far,  as  that 
the  laft  parts  fliall  be  abfolutely  indivifible.    Thefe 
parts  will  undoubtedly  always  become  fmaller,  and 
their  magnitude  will  approach  nearer  and  nearer  to  o, 
but  can  never  reach  it. 

The  geometrician,  therefore,  is  warranted  in  affirm- 
ing, that  every  ma^gnitude  is  divifible  to  infinity ; 
and  that  you  cannot  proceed  fo  far  in  your  divifion, 
as  that  all  £irthcr  diyifion  (hall  be  impoffible.  But 
it  u  always  ncceflary  to  diflinguifh  between  what  is 
poOible  ia  itielf,  and  what  we  are  in  a  condition  to 
perfbrm-i   Ow  elocution  is  indeed  extremely  limited. 

aample,  divided  an  inch  into  a 

thoufand 
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thoufand  parts,  thefe  parts  are  fo  finall  as  to  efcapc 
our  fenfeSji  and  a  farther  diviiion  would  to  lis,  no 
doubt,  be  impofilUc. 

But  you  have  only  to  look  at  this  thoufandth  part 
of  an  inch  through  a  good  micro(cope,  which  mag- 
nifies, for  example,  a  thoufand  times,  and  each  par- 
tide  will  appear  as  large  as  an  inch  to  the  naked  eye ; 
apd  you  will  be  convinced  of  the  pofEbility  of  di- 
viding each  of  thefe  particles  again  into  a  thoufand 
parts:  the  £ime  reafoning  may  always  be  carried  for- 
ward, without  limit  and  without  end. 

It  b  therefore  an  indubitable  truth,  that  all  mag- 
nitude is  diviiible  in  infinitum,  and  that  this  takes 
pkce  not  only  with  refpect  to  extenfion,  wliich  is 
th^  objeft  of  geometry,  but  likewife  with  refpcd  to 
c^ery  other  fpedes  of  quantity^  fuch  as  time  aad 
a«mber. 


LETTER   IX. 

Whether  this  Divifibiliiy  in  infinitum  takes  place  in 

exijling  Bodies? 

IT  ifl,  then,  a  completely  eftaUiflied  truth,  tliat  ex- 
taifion  is  divifible  to  infinity,  and  that  it  is  im- 
infiUe  to  conceive  parts  £b  fmall  as  to  be  unfufcep- 
tifafe  of  £uther  divifion*  Philofophers  accordingly 
do  not  impugn  this  truth  itfelf,  but  deny  that  it 
-  takci  ^ace  in  cxifting  bodies.  They  allege,  that  ex- 
teafioD,  the  diviiibility  of  which  to  infinity  has  been 

demon- 
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dcmonftratcd,  is  merdy  a  chimerical  objeft,  formed 
by  abftra^lion ;  and  that  fimple  exteniion,  as  confi-^ 
dered  in  geometry,  can  have  no  real  exiftence. 

Here  they  are  in  the  right;  and  extenfion  is  un- 
doubtedly a  general  idea,  formed  in  the  fame  man* 
ner  as  that  of  man,  or  of  tree  in  general,  by  abftrac-> 
tion ;  and  as  man  or  tree  in  gener^  exifts  not,  no 
more  does  extenfion  in  general  exift.  You  arc  per- 
fectly fenfible,  that  individual  beings  alone  cxift,  and 
that  general  notions  are  to  be  found  only  in  the 
mind;  but  it  cannot  therefore  be  maintained  that 
thefe  general  notions  are  chimerical;  they  contain, 
on  the  contrary,  the  foundation  of  all  our  know- 
ledge. 

Whatever  applies  to  a  general  notion,  and  all  the 
properties  attached  to  it,  of  neccffity  take  place  in 
all  the  individuals  comprehended  under  that  gencr^ 
notion.    When  it  is  affirmed  that  the  general  notion 
of  man  contains  an  underftanding  and  a  will,  it  is 
undoubtedly  meant,  that  every  individual  man  is 
endowed  with  thofc  faculties.     And  how  many  pro- 
perties do  thcfc  very  philofophcrs  boaft  of  having 
dcmonftratcd  as  belonging  to  fubftancc  in  general, 
vhich  is  furely  an  idea  as  abftrad:  as  that  of  exten- 
fion; and  yet  they  maintain,  that  all  thcfc  properties 
rrcJv  to  all  individual  fubftanccs,  wliich  are  all  ex- 
7— ^tr-i^    If,  in  eifecl,  fuch  a  fubilancc  had  i;ot  thefe 
-:r:r:ir^:s,  it  would  be  hll'c  lluit  they  belonged  to 
--— -?  In  general. 

i.T  xiodics,  which  inf^iUibly  are  extended  be- 
-  •  -i*j:vrcd  with  c^tcniion,  were  not  divifiblc 

to 
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to  infinity,  it  would  be  likewife  falfe,  that  divifibi- 
lity  in  infinitum  is  a  property  of  extenfion.  Now 
thofe  philofophcrs  readily  admit  that  this  property 
belongs  to  extenfion,  but  they  infill  that  it  cannot 
take  place  in  extended  beings.  This  is  the  fame 
thing  with  aflirming,  that  the  underftanding  and  will 
arc  indeed  attributes  of  the  notion  of  man  in  gene- 
ral ;  but  that  they  can  have  no  place  in  individual 
men  actually  exifting*  ^ 

Hence  you  will  readily  draw  this  conclufiqn :  if 
divifibility  in  infinitum  is  a  property  of  extenfion  in 
general,  it  muft  of  neceflity  likewife  belong  to  all 
individual  extended  beings ;  or  if  real  extended  be- 
ings are  not  divifiblc  to  infinity,  it  is  falfe  that  divi- 
fibility in  infinitum  can  be  a  property  of  extenfion 
in  general. 

It  is  impoflible  to  deny  the  one  or  the  other  of 
thefe  confequences  without  fubverting  the  mofi:  fo- 
lid  principles  of  all  knowledge ;  and  the  philofophcrs 
who  refufe  to  admit  divifibility  in  infinitum  in  real 
extended  beings,  ought  as  little  to  admit  it  with 
refpeA  to  extenfion  in  general ;  but  as  they  grant 
this  laft,  they  fall  into  a  glaring  contradiction. 

You  need  not  to  be  furprized  at  this;  it  is  a  failing 
from  which  the  greatefl:  men  are  not  exempt.  But 
what  is  rather  furprizing,  thefe  philofophcrs,  in  order 
to  get  rid  of  their  embarraffmcnt,  have  thought  pro- 
per to  deny  that  body  is  extended.  They  fay,  that 
it  is  only  an  appearance  of  extcnfibn  which  is  per- 
ceived in  bodies,  but  that  real  extenfion  by  no  means 
belongs  to  them. 

Vol.  IL  D  Tou 


34  WHETHER    THIS    DIVISIBILITY,   &C. 

You  fee  dearly  that  this  is  merely  a  \^Tetched  cavil, 
by  which  the  principal,  and  the  moft  evident  pro- 
perty of  body  is  denied.  It  is  an  extravagance  fimi- 
lar  to  that  formerly  imputed  to  the  Epicurean  phi- 
lofopliers,  who  maintained  that  every  thing  which 
exifcs  in  the  univerfe  is  material,  without  even  ex- 
cepting the  gods  whofe  exiftence  they  admitted.  But 
as  they  faw  that  thefe  corporeal  gods  would  be  fub- 
jefted  to  the  greateft  difficulties,  they  invented  a 
fubterfuge  limilar  to  that  of  our  modern  philofo- 
phers,  alleging.  That  the  gods  had  not  bodies,  but 
m  if  were  bodies,  (qucfi  corpora^)  and  that  they  had 
not  fcnfes,  but  fenfes  as  it  wer€\  and  fo  of  all  the 
members.  The  other  philofophical  fefts  of  antiquity 
made  themfelves  abundantly  merry  with  thefe  quaji^ 
corpora  and  quaji-fenfus ;  and  they  would  have  equal 
reiifon,  in  modern  times,  to  laugh  at  the  quaft^exicn- 
Jion  which  our  philofophers  afcribe  to  body;  this 
term  quafi-exten/ion  feems  perfectly  well  to  exprefs  that 
appeat^xnce  of  extenfion,  without  being  fo  in  reality. 

Geometricians,  if  they  meant  to  confound  them, 
have  only  to  fay,  that  the  objects  whofe  divifibility 
in  infinitum  they  have  demonftrated,  were  like^^afe 
only  as  it  were  extended,  and  that  accordingly  all 
bodies  extended  as  it  were^  were  neceflarily  divifiWe 
in  infinitum.  But  nothing  is  to  be  gained  with  them; 
they  are  refolute  to  maintain  the  greateft  abfurdities 
rather  than  acknowledsre  a  miftake.    You  muft  have 

o 

remarked,  that  this  is  the  char  after  of  almoft  all 

Icholars. 
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LETTER    X. 

Of  Monads. 

*¥TTHEN  we  talk,  in  company,  on  philofophlcal 

^  ^  fubjecls,  the  converfation  ufually  turns  on 
fuch  articles  as  have  excited  violent  difputes  among 
philofophers. 

The  diviiibility  of  body  is  one  of  them,  refpefting 
which  the  fentiments  of  the  learned  are  greatly  di-> 
vided^  Some  maintain,  that  this  diviiibility  goes  on 
to  infinity,  without  the  poilibility  of  ever  arriving  at 
particles  fo  fmall  as  to  be  fufceptibic  of  no  farther 
divifion.  But  others  in  (id,  that  this  diviiion  ex- 
tends only  to  a  certain  point,  and  that  you  may  come 
at  length  to  particles  fo  minute,  that,  having  no  . 
magnitude,  they  are  no  longer  divifible.  Thefe  ul- 
timate particles,  which  enter  into  the  compofition  of 
bodies,  they  denominatey?/??^/^  beings,  and  monads. 

There  was  a  time  when  the  difpute  refpecling  mo- 
nads employed  fuch  general  attention,  and  w2ls  con- 
duced with  fo  much  warmth,  that  it  forced  its  way 
into  company  of  every  defcription,  that  of  the  guard- 
room not  excepted.  There  was  fcarce  a  lady  at  court 
who  did  not  take  a  decided  part  In  favour  of  mo- 
nads or  againft  them.  In  a  word,  all  converfation 
was  engrofled  by  monads,  no  other  fubjecl  could 
find  admiflion. 

The  Royal  Academy  of  Berlin  took  up  the  con- 
troverfy,  and  being  accuftomed  annually  to  propoie 
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a  qucflion  for  difquffion,  and  to  beftow  a  gold  medal 
of  the  value  of  fifty  ducats  on  the  perfon  who  in  the 
judgment  of  the  Academy  has  given  the  moft  inge- 
nious foliition,  the  queftion  refpefting  monads  was 
felecied  for  the  year  1748.  A  great  variety  of  eflays 
On  the  fubject  were  accordingly  produced.  The 
prefident,  Mr.  de  Maupertuis,  named  a  committee 
to  examine  them,  under  the  direction  of  the  late 
Count  Dohna, great  chamberlain  to  the  queen;  who, 
being  an  impartial  Judge,  examined,  with  all  imagi- 
nable attention,  the  arguments  adduced  both  for  and 
againft  the  exiftence  of  monads.  Upon  the  whole, 
it  was  found  that  thofe  which  went  to  the  eftabliih^ 
ment  of  their  exiftence  were  fo  feeble,  and  fo  clii^ 
merical,  that  they  tended  to  the  fubverfion  of  all  the 
principles  of  human  knowledge.  The  queftion  was, 
therefore,  determined  in  favour  of  the  oppofite  opi- 
nion, and  the  prize  adjudged  to  Mr.  Jufti,  whofe 
piece  was  deemed  the  moft  complete  refutation  of 
the  monadifts. 

You  may  eafily  imagine  how  violently  this  deci- 
fion  of  the  Academy  muft  irritate  the  partifans  of 
monads,  at  the  head  of  whom  ftooS  the  celebrated 
Mr.  Wolff.  Ifis  followers,  who  were  then  much 
more  numerous,  and  more  formidable  than  at  pre- 
font,  exclaimed  in  high  terms  againft  the  partiality 
and  injuftice  of  the  Academy;  and  their  chief  had 
well  nigh  proceeded  to  launch  the  thunder  of  a  phi- 
lofophical  anathema  againft  it.  I  do  not  now  recoi- 
led to  whom  we  are  indebted  for  the  care  of  avert- 
ing this  difafter. 

As 
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As  this  controverfy  has  made  a  great  deal  of  noife» 
you  will  not  be  difpleafed,  undoubtedly,  if  I  dwell  a 
£ttle  upon  it.  The  whole  is  reduced  to  this  iimple 
queftion.  Is  body  divifible  to  infinity?  or,  in  other 
words.  Has  the  divifibility  of  bodies  any  bounty  or 
has  it  not?  I  have  already  remarked  as  to  this,  that 
exteniion,  geometrically  coniidered,  is  on  all  hands 
allowed  to  be  divifible  in  infinitum ;  becaufe,  how- 
ever {maU  a  magnitude  may  be,  it  is  poflible  to  con- 
■"  cdve  the  half  of  it,  and  again  the  half  of  that  half, 
and  fo  on  to  infinity. 

This  notion  of  extenfion  is  very  abftraft,  as  are 
Chofe  of  all  genera^  fuch  as  tliat  of  man,  of  horfe,  of 
tree,  &c.  as  far  as  they  arc  not  applied  to  an  indivi- 
dual and  determinate  being.  Again,  it  is  the  moft 
xertain  principle  of  all  our  knowledge,  that  whatever 
can  be  tnily  afliirmed  of  the  genus,  muft  be  true  of 
all  the  individuals  comprehended  under  it.  If  there-  ' 
ibre  all  bodies  are  extended,  all  the  properties  be- 
longing to  extenfion  muft  belong  to  each  body  in 
particular.  Now  all  bodies  are  extended ;  and  ex- 
tenfion is  divifible  to  infinity ;  therefore  every  body 
muft  be  fo  likewife.  This  is  a  fyllogifm  of  the  beft 
'form;  and  as  the  firft  propofition  is  indubitable,  all 
that  remains,  is  to  be  afiured  that  the  fecond  is  true, 
that  is,  whether  it  be  true  or  not,  that  bodies  are 
^tended. 

The  partifans  of  monads,  in  maintaining  their 
opinion,  are  obliged  to  afiirm,  that  bodies  are  not 
f^tdided,  but  have  only  an  appearance  of  extenfion. 
They  imagine  that  by  this  they  have  fubverted  the 
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argument  adduced  in  fupport  of  the  divifibiilty  in  in- 
finitum. But  if  body  is  not  extended,  I  fhould  be 
glad  to  know,  from  whence  we  derived  the  idea  of 
extenfion ;  for,  if  body  is  not  extended,  nothing  in 
the  world  is,  as  fpirits  are  ftill  lefs  fo.  Our  idea  of 
extenfion,  therefore,  would  be  altogether  imaginary 
and  chimerical. 

Geometry  wciuld  accordingly  be  a  fpeculation  en- 
tirely ufele&  and  illufory,  and  never  could  admit  of 
any  applidition  to  things  really  exifting.  In  efieft^ 
if  no  one  thing  is  extended,  to  what  purpofe  invef- 
tigate  the  properties  of  extenfion?  But  as  geometry 
is,  beyond  contradiction,  one  of  the  moft  ufeful  of 
fciences,  its  objeft  cannot  poflibly  be  a  mere  chi- 
mera. 

There  is  a  neceiGty,then,of  admitting, that  the  ob- 
jeft  of  geometry  is  at  leaft  the  fame  apparent  exten- 
fion  which  thofe  philofophers  allow  to  body;  but 
this  very  objeft  is  divifible  to  infinity:  therefore  ex- 
ifting beings,  endowed  with  this  apparent  extenfion, 
inuft  neceflarily  be  extended. 

Finally,  let  thofe  philofophers  turn  themfelves 
which  way  foever  they  will  in  fupport  of  their  mo- 
nads, or  thofe  ultimate  and  minute  particles,  divefted 
of  all  magnitude,  of  which,  according  to  them,  all 
bodies  are  compofed,  they  dill  plunge  into  difficul- 
ties, out  of  which  they  cannot  extricate  themfelves. 
They  are  right  in  faying,  that  it  is  a  proof  of  dulnefs 
to  be  incapable  of  relifhing  their  fuWime  doftrine ; 
it  may  however  be  remarked,  that  here  the  greateft 
ftupidity  is  the  moft  fuccc^ful. 
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LETTER    XL 

Reflexions   on  Divi/ibility  in  infinitum,  and  on 

Monads. 

TN  fpeaking  of  the  divifibility  of  body,  we  mufl 
'  -*-  carefully  diftinguifli  what  is  in  our  power,  from 
what  is  poilible  in  itfelf.  In  the  firft  fenfe,  it  cannot 
be  denied,  that  fuch  a  diviiion  of  body  as  we  are 
capable  of,  mufl  be  very  limited. 

By  pounding  a  {lone  we  can  eaiUy  reduce  it  to 
powder;  and  if  it  were  poi&ble  to  reckon  all  the 
Httle  grains  wliich  form  that  powder,  their  number 
would  undoubtedly  be  fo  great,  that  it  would  be 
matter  of  furprize,  to  have  divided  the  flone  into  fo 
many  parts.  But  thefe  very  grains  will  be  almoft 
indiviiible  with  refpecl  to  us,  as  no  inilrument  we 
could  employ  will  be  able  to  lay  hold  of  them.  But 
it  cannot  with  truth  be  affirmed  that  they  are  indi* 
viiible  in  themfelves.  You  have  only  to  view  them 
with  a  good  microfcope,  and  each  will  appear  itfelf 
a  confiderable  flone,  on  which  are  diflinguifhable  a 
great  many  points  and  inequalities;  which  demon- 
firates  the  poflibility  of  a  farther  divifion,  though 
we  are  not  in  a  condition  to  execute  it.  For  where- 
ever  we  can  diflinguifh  feveral  points  in  any  object, 
it  mufl  be  divifible  into  fo  many  parts. 

We  fpeak  not,  therefore,  of  a  divifion  pra<EUcabIe 
by  our  flrength  and  fkill,  but  of  that  which  is  pof- 
fible  in  itfelf,  and  which  the  Divine  Omnipotence  is 
S^blc  to  accomplifh* 

D  4  It 
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It  is  in  tlus  fenfe,  accordingly,  that  pUlofopheFi 
ufe  the  word  ^  divifibility:'  fo  that  if  there  w^e  ^ 
ftone  fo  hard  that  no  force  could  break  it,  it  might 
be  without  heiitation  affirmed  as  divifible  in  its  own 
nature,  as  the  moll  brittle,  of  the  dame  magnitude; 
And  how  many  bodies  are  there  on  which  we  can? 
not  lay  any  hold,  and  of  whofe  divifibility  we  can 
entertain  not  the  fmalleft  doubt?  No  one  doubts 
diat  the  moon  is  a  divifible  body,  though  he  is  in«^ 
capable  of  detaching  the  fmalleft  partide  from  it : 
and  the  fimple  reafon  for  its  diviiibility,  is  its  bdng 
^ctended. 

Wherever  we  remark  l^xtenfion,  we  are  under  the 
neceflity  of  adcnowledging  divifibility,  fo  that  divifi- 
bility is  an  infeparable  property  of  eztenfion.  But- 
experience  likewife  demonftrates  that  the  divifion  of 
bodies  extends  very  far.  I  fhall  not  infift  at  great 
length  on  the  inftance  ufually  produced  of  a  ducat : 
fhe  artifan  can  beat  it  out  into  a  leaf  fo  fine,  as  to 
cover  a  very  large  furface,  and  the  ducat  may  be  di- 
vided into  as  many  parts  as  that  furface  is  capable  of 
being  divided.  Our  own  body  fiirnifhes  an  example 
much  more  furprizing.  Only  confider  the  delicate 
veins  and  nerves  with  which  it  is  filled,  and  the  fluids 
which  circulate  through  them.  The  fubtilty  there 
difcQverable  far  furpaffes  imagination. 

The  fmallefl  infecls,  fuch  as  are  fcarcely  vifible  to 
the  naked  eye,  have  all  their  members,  and  legs  on 
which  they  walk  with  amazing  velocity.  Hence  we 
fee  that  each  limb  has  its  mufcles  compofed  of  a-  great 
|}umber  of  fibres^  that  they  have  veins,  and  nerves, 
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jftnd  a  fluid  ftill  much   more  fubtile  which  flows 
through  their  whole  extent. 

On  viewing  with  a  good  microfcope  a  finglc  drop 
of  water,  it  has  the  appearance  of  a  fea;  we  fee 
thoufands  of  living  creatures  fwimming  in  it,  each  of 
which  is  neccffarily  compofcd  of  an  infinite  number 
of  mufcular  and  ijervous  fibres,  whofe  marvellous 
firuAure  ought   to  excite  our  admiration.     And 
though  thefe  creatures  may  perhaps  be  the  fmalleft 
which  we  are  capable  of  dileovering  by  the  help  of 
the  microfcope,  undoubtedly  they  are  not  the  fmalleft 
which  the  Creator  has  produced.    Animalcules  pro- 
bably cxift  as  fmall  relatively  to  them,  as  they  are 
relatively  to  us.     And  thefe  after  all  are  not  yet  the 
fmalleft,  but  may  be  followed  -by  an  infinity  of  new 
daffes,  .each  of  which  contains  creatures  incomparably 
iinaller  than  thofe  of  the  preceding  clafe. 

We  ought  in  this  to  ackno  vvledge  the  omnipotence 
and  infinite  wifdom  of  the  Creator,  as  in  objefts  of 
the  greateft  magnitude.  It  appears  to  me,  that  the 
confideration  of  thefe  minute  fpecies,  each  of  which 
is  followed  by  another  inconceivably  more  minute, 
ought  to  make  the  livelicft  impreflion  on  our  minds, 
and  infpire  us  with  the  moft  fublime  ideas  of  the 
works  of  the  Almighty,  whofe  power  knows  no 
bounds,  whether  as  to  great  objefts  or  fmall. 

To  imagine  that  after  having  divided  a  body  into 
a  great  number  of  parts,  we  arrive,  at  length,  at 
particles  fo  fmall  as  to  defy  all  farther  divifion,  is 
therefore  the  indication  of  a  very  contrafted  mind. 
Put  fuppofing  it  poi&ble  to  defcend  to  particles  fo 
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minute  as  to  be,  in  their  own  nature,  no  longer  di- 
vifible,  as  in  the  cafe  of  the  fuppofed  monads ;  be* 
fore  coming  to  this  point,  we  fhall  have  a  particle 
compofed  of  only  two  monads,  arid  this  particle 
will  be  of  a  certain  magnitude  or  extenfion,  other-< 
wife  it  could  not  have  been  divifible  into  thefe  two 
monads.  Let  us  farther  fuppofe,  that  this  particle^ 
as  it  has  fome  extenfion,  may  be  the  thouiandth  part 
of  an  inch,  or  fiill  fmaller  if  you  will ;  for  it  is  of  no 
importance,  what  I  fay  of  the  thoufandth  part  of  an 
inch  may  be  faid  with  equal  truth  of  every  fmaller 
part.  This  thoufandth  part  of  an  inch,  then,  is  com- 
pofed of  two  monads,  and  confequently  two  monads 
together  would  be  the  thoufandth  part  of  an  mch» 
and  two  thoufand  tiioes  nothing,  a  whole  inch ;  the 
abfurdity  ftrikes  at  firft  fight. 

The  partifans  of  the  fyftem  of  monads  accordingly  ' 
Ihrink  from  the  force  of  this  argument,  and  are  re- 
duced to  a  terrible  nonplus  when  aiked  how  many 
monads  are  requiiite  to  confiitute  an  extenfion.  Two, 
they  apprehend,  would  appear  infufficient,  they  there-. 
fore  allow  that  more  mufi:  be  necefiiiry.  But,  if  two 
monads  cannot  conftitute  extenfion,  as  each  of  the 
two  has  none ;  neither  three,  nor  four,  nor  any 
mumber  whatever  will  produce  it ;  and  this  com- 
pletely fubverts  the  f)'ftcm  of  monads. 

^iM^j  1761. 
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LETTER  XII. 

Reply  to  the  Objeilions  of  the  Monadtjls  to  Divi/ibiUtj 

in  infinitum. 

^  I  ^HE  partifans  of  monads  are  far  from  fubmitting 
-*-  to  the  ar<mraents  adduced  to  eftablilli  the  di- 
idfibility  of  body  to  infinity.  Without  attacking 
them  direftly,  they  allege  that  divifibility  in  infinitum 
is  a  chimera  of  geometricians,  and  that  it  is  involved 
in  contradiction.  For,  if  each  body  is  diviublc  to 
infinity,  it  would  contain  an  infinite  number  of  parts, 
the  fmallell  bodies  as  well  as  the  grcateft  :  the  number 
of  thefe  particles  to  which  divifibility  in  infinitum 
would  lead,  that  is  to  fay,  the  mofl:  minute  of  which 
bodUes  are  compofed,  will  then  be  as  great  in  the 
fmallcft  body  as  in  the  largeft,  this  number  being  in^ 
finite  in  both ;  and  hence  the  partifans  of  monads 
triumph  in  their  reafoning  as  invincible.  For,  if  the 
number  of  ultimate  particles  of  which  two  bodies 
arc  compofed  is  the  fame  in  both,  it  mull  follow,  fay 
they,  that  the  bodies  are  pcrfcdly  equal  to  each  other. 
Now  this  goes  on  the  fuppofition,  that  the  ulti- 
mate particles  are  all  perfectly  equal  to  each  other ; 
for  if  fome  were  greater  than  others,  it  would  not  be 
furprizing  that  one  of  the  two  bodies  (hould  be  nmch 
greater  than  the  other.  But  it  is  abfolutely  necefl[ary» 
iay  they,  that  the  ultimate  particles  of  all  bodies 
ihould  be  equal  to  each  other,  as  they  no  longer  have 
any  extenfion,  and  their  magnitude  abfolutely  va- 
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nifbes,  or  becomes  nothing.  They  even  form  a  new 
objeftion,  by  alleging  that  all  bodies  would  be  com- 
pofed  of  an  infinite  number  of  nothings,  which  is  a 
ftiU  greater  abfurdity. 

I  readily  admit  this ;  but  I  remg.rk  at  the  fame 
time,  that  it  ill  becomes  them  to  raife  fuch  an  ob- 
jeftion,  feeing  they  maintain,  that  all  bodies  arc 
compofed  of  a  certain  number  of  monads,  though, 
relatively  to  magnitude,  they  are  abfolute  nothings : 
fo  that  by  their  own  confeffion,  feveral  nothings  arc 
capable  of  producing  a  body.  They  are  right  in 
faying  their  monads  are  not  nothings,  but  beings  en- 
dowed with  an  excellent  quality,  on  which  the  na- 
ture of  the  bodies  which  they  compofe  is  founded* 
Now,  the  only  queftion  here  is  refpefting  extenfion ; 
and  as  they  are  under  the  neceflity  of  admitting  that 
their  monads  have  none,  feveral  nothings,  according 
to  them,  would  always  be  fomething. 

But  I  Ihall  pufh  this  argument  againft  the  fyftem 
of  monads  no  farther ;  my  objeft  being  to  make  a 
direcV  reply  to  the  objeftion  founded  on  the  ultimate 
particles  of  bodies,  raifed  by  the  monadifts  in  fupport 
ot  their  fyftem,  by  which  they  flatter  themfelvcs  in 
the  confidence  of  a  complete  viftory  over  the  parti- 
f  ms  of  divifibility  in  infinitum. 

I  thould  be  glad  to  know,  in  the  firft  place,  what 
they  mean  by  the  ultimate  particles  of  bodies*  In 
ihcir  fyftem,  according  to  which  every  body  is  com- 
\x>kL\\  o(  a  certain  number  of  monads,  I  clearly  com- 
piciicnd  that  the  ultimate  particles  of  a  body,  arc  the 
uiuiui Js  thcmielves  which  conftitute  it ;  but  in  the 

fyftem 
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lyftem  of  divifibility  in  infinitum,  the  tertn  ultimate 
particle  is  abfolutdy  unintelligible. 

They  are  right  in  faying,  that  thefe  are  the  par- 
ticles at  which  we  arrive  from  the  divifion  of  bodies, 
after  having  continued  it  to  infinity.  But  this  is 
juft  the  fame  thing  with  faying,  after  having  finilhed 
a  divifion  which  never  comes  to  an  end.  For  divi- 
fibility in  infinitum  means  nothing  elfe  but  the  pof- 
fibility  of  always  carrying  on  the  divifion,  without 
€V€t  arriving  at  the  point  where  it  would  be  neceffary 
to  ftop.  He  who  maintains  divifibility  in  infinitum^ 
boldly  denies,  therefore,  the  exiftencc  of  the  ultimate 
particles  of  body ;  and  it  is  a  manifefl:  contradiction, 
to  fuppofe  at  once  ultimate  particles  and  divifibility 
in  infinitum. 

I'jjeply,  then,  to  the  partifans  of  the  fyftem  of 
monads,  that  their  objedion  to  the  divifibility  of 
body  to  infinity  would  be  a  very  folid  one,  did  that 
fyftem  admit  of  ultimate  particles ;  but  being  ex- 
prelsly  excluded  from  it,  all  this  rcafoning,  of  courfc, 
falls  to  the  ground. 

It  is.falfe,  therefore,  that  in  the  fyftem  of  divifibi- 
lity in  infinitum,  bodies  arc  compofed  of  an  infinity 
of  particles.  However  clofely  connefted  ihcfe  two 
propofitions  may  appear  to  the  partifans  of  monads, 
they  manifcftly  contradict  eacli  other ;  for  whoever 
maintains  tliat  body  is  divifible  in  infinitum,  or  with- 
out end,  abfolutely  denies  the  exiftcnce  of  ultimate 
particles,  and  confequently  has  no  concern  in  the 
queftion.  The  term  can  only  mean  fuch  particles  as 
are  no  longer  divifible,  an  idea  totally  inconfiftent 

with 
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with  the  fyftem  of  diviiibility  in  infinitum.     Tliis 
formidable  attack,  then,  is  completely  repelled* 

i2tb  Majy  1761. 
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Principle  of  the  fatlsfying  Reafon,  thejirongejl  Support 

of  the  Monadi/is.*  . 

XT'OU  muft  be  perfeftly  fenfible  that  one  of  the 
-^    two  fy (Icms,  which  have  undergone  fuch  ample 
difcuffion,  is  ncccffarily  true,  and  the  other  felfe,  fee- 
ing they  are  contradiftory. 

It  is  admitted  on  both  fides,  that  bodies  are  divi- 
fible :  the  only  qucftion  is.  Whether  this  divifibility 
is  limited  ?  or  Whether  it  may  always  be  carried 
farther,  without  the  pofllbility  of  ever  arriving  at 
indivifiblc  particles  ? 

Tlie  fyftem  of  monads  is  eflabliffied  in  the  former 
cafe,  fince  after  having  divided  a  body  into  indivifiblc 
particles,  thcfe  very  particles  arc  monads,  and  there 
would  be  reafon  for  faying  that  all  bodies  are  com- 
polcd  of  them,  and  each  of  a  certain  determinate 
number.  Whoever  denies  the  fyftem  of  monads, 
muft  likcwirc,  then,  deny  that  the  divifibility  of  bo- 
dies is  limited.  He  is  under  the  ncccffity  of  main- 
taining, that  it  is  always  poftible  to  carry  this  divifi- 
bility farther,  without  ever  being  obliged  to  ftop ; 
and  this  is  the  cafe  of  divifibility  in  infinitum,  on 
v/hich  fyftem  v/c  abfolutely  deny  the  exiftence  of  ul- 
timate particles  :  confequently  the  difficuldes -nfiil 
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ing  from  their  infinite  number  fall  to  the  ground  of 
themfelves.  In  denying  monads,  it  is  impoffible  to 
talk  any  longer  of  ultimate  particles,  and  ftill  lefs  of 
the  number  of  them  which  enters  into  the  compo- 
fition  of  each  body. 

You  ttiuft  have  remarked,  that  what  I  have  hitherto 
produced  in  fupport  of  the  fyftem  of  monads  is  dcfli- 
tutc  of  folidity.  I  now  proceed  to  inform  you  that 
its  (upporters  reft  their  caufe  chiefly  on  the  great 
principle  of  the  fufficient  reafon^  which  they  know 
how  to  employ  fo  dexteroufly,  that  by  means  of  it 
they  are  in  a  condition  to  demonftrate  whatever 
fuits  their  purpoft,  and  to  dcmolifli  whatever  makes 
againft  them.  The  bleflcd  difcovcry  made,  then,  is 
this.  That  nothing  can  be  'u::thout  a  fujjicient  reafon ; 
and  to  modern  philcfophers  we  Hand  indebted  for  it. 

In  order  to  give  you  an  idea  of  tliis  principle,  you 
have  only  to  confider,  th?.t  in  every  thing  prefented 
to  you,  it  may  alv/ays  be  allied.  Why  it  is  fuch  ?  And 
the  anfwer  is  what  they  call  the  fufficient  reafon^  fup- 
pofing  it  really  to  correfpond  with  the  queftion  pro- 
pofed.  Wherever  the  why  can  take  place,  the  pof- 
iibility  of  a  fetisfaftory  anfwer  is  taken  for  granted, 
which  fliaU,  of  courfe,  contain  the  fufficient  reafon  of 
the  thing. 

This  is  very  far,  however,  from  being  a  myftery 

of  modem  difcovery.     Men  in  ever)'  age  have  a£ked 

why ;  an  incontefiable  proof  of  their  convidion  that 

'   every  thing  muft  have  a  fatisfying  reafon  of  its  exift- 

""  ^^0^     This  principle,  that  nothing  is  without  a  caufe y 

well  known  to  ancient  philofophers  ;  but 

unhappily 
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unhappily  thb  caufe  is  for  the  moft  part  oomooied 
from  us.  To  little  purpofe  do  we  aik  wij :  no  one 
Is  qualified  to  ailigb  the  teafon.  It  is  not  a  matter  of 
doubt^  that  every  thing  -has  its  cauic ;  b^t  a&  progi^ 
thus  far  hardly  deferves  the  name ;  and  fi>  long  as  it 
remains  concealed,  we  have  not  advanced  a  finj^ 
ilcp  in  real  knowledge* 

You  may  perhaps  imagine,  that  naodem  piiilofi)* 
phers,  who  make  fuch  a  boaft  of  the  principle  dF  a 
£iti8fying  reafon,  have  achially  difcovered  th^t  of  all 
things,  and  are  in  a  condition  ta  anfwer  every  wbf 
that  can  be  propofed  to  thefm ;  which  would  un* 
doubtedly  be  the  very  fummit  of  human  kaowle(%ei 
but,  in  this  refpecl,  they  are  juft  2s  ignorant  as  tbeir 
neighbours :  their  whole  n\erit  amoimt»  tajoQ  more 
than  a  pretenfion  to  have  demonftrated,  that  whev«- 
ever  it  is  poflible  to  afkthe  queflion.tc/ii^,  there  muft 
be  a  (aiisfying  aufwer  to  it,  though  concealed  from  us; 

They  readily  admit,  that  the  ancients  bad  a  know- 
ledge of  this  principle,  but  a  knowledge  very  obicure; 
whereas  they  pretend  to  have  placed  it  in  itsi  deareft 
light,  and  to  have  demonftrated  the  truth  of  it:  and 
therefore  it  is  that  they  know  how  to  turn  it  mcrfk  t^ 
tlieir  account,  and  that  this  principle  puts  them  in  a 
condition  to  prove,  that  bodies  are  compofed  of 
monads. 

Bodies,  fay  they,  muft  have  their  fuffident  reafost 
fomcwhere ;  but  if  they  were  dibble  to  infinity, 
.fuch  reafon  could  not  take  place :  and  hence  they 
,«opiiclude,  with  an  air  akogether  philofophic,  tbat^as 
mUfJH^^^  ibow  its/tjfid€tti  re^m^  it  U  abfolviify 

^       '  .  neceffaty 
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niti^ffhry  that  all  bodies  Jhould  be  compofed  of  monads: 
which  was  to  be  demonftrstted.  This,  I  muft  admit, 
is  a  demonftration  not  to  be  refifted. 

It  were  greatly  to  be  wifhed  that  a  reafoning  fo 
flight  could  elucidate  to  us  queftions  of  this  import-* 
ancc ;  but  I  frankly  confels,  I  comprehend  nothing 
of  the  matter.  They  talk  of  the  fufficient  reafon  of 
bodies,  by  which  they  mean  to  reply  to  a  certain 
wherefore  J  which  remains  unexplained.  But  it  would 
be  proper,  undoubtedly,  clearly  to  underftand,  and 
carefully  to  examine  a  queftion,  before  a  reply  is  at^ 
tempted;  in  the  prefent  cafe,  theanfwer  is  given 
before  the  queftion  is  formed. 

Is  it  alkedp  Why  do  bodies  exift  ?  It  w^ould  be  ri- 
diculous, in  my  opinion,  to  reply,  Becaufe  they  are 
compofed  of  monads ;  as  if  they  contained  the  caufe 
c^  that  exiflence.  Monads  have  not  created  bodies : 
and  when  I  alk.  Why  fuch  a  being  exifts  ?  I  fee  no 
other  reafon  that  can  be  given  but  this,  ^ecaufc  the 
Creator  has  given  it  exiftence  ;  and  as  to  the  manner 
in  which  creation  is  performed,  philofophers,  I  think, 
would  do  well  honeftly  to  acknowledge  their  igno- 
rance; 

But  they  maintain,  that  God  could  not  have  pro- 
duced bodies,  without  having  created  monads,  which 
were  neccffary  to  form  the  compofition  of  them. 
This  manifeftly  fuppofcs,  that  bodies  are  compofed 
of  monads,  the  point  which  they  meant  to  prove  by 
this  reafoning.  And  you  are  abundantly  fenfible, 
that  it  is  not  fair  reafoning  to  take  for  granted  tlie 
truth  of  a  propofition  which  you  are  bound  to  prove 
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by  reafbning.    It  is  a  fophifm  known  in  logic  by  tlie 
name  of  a  petitio  principiij  or^  begging  the  queftion* 
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LETTER  XIV. 

Another  Argument  of  the  Monadifis,  derived  from  the 
Principle  of  the  fufficient  Reafon*  Abfurdiiies  r^* 
fulting  from  it* 

nPHE  partifatis  o(  monads  likewife  derive  their 
grand  argument  from  the  principle  of  the  la- 
tisfying  reafon,  by  alleging  that  they  could  not  even 
comprehend  the  poffibility  of  bodies,  if  they  were 
divifible  to  infinity,  as  there  would  be  nothing  in 
them  capable  of  checking  imagination  i  they  muft 
have  ultimate  particles  or  elements,  the  compoiition 
of  which  muft  ferve  to  explain  the  compofition  of 
bodies. 

But  do  they  pretend  to  underftand  the  pdffibility 
of  all  the  things  which  exift  ?  This  would  favour  too 
much  of  pride ;  nothing  is  more  common  among 
philofophers  than  tliis  kind  of  rcafoning :  I  cannot 
comprehend  the  poffibility  of  this,  unlefs  it  is  fuch 
:1s  I  imagine  it  to  be :  therefore  it  neceffarily  muft  be 
fuch. 

You  clearly  comprehend  the  frivoloufnefs  of  fuch 
rcafoning ;  and  that  in  order  to  arrive  at  truth,  re- 
fearch  much  more  profound  muft  be  employed.  Ig- 
norance can  never  become  an  argument  to  condu<ft 
us  to  the  knowledge  of  truth,  and  the  one  in  queftion 

is 
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Is  evidently  founded  on  ignorance  of  the  different 
manners  which  may  render  the  thing  poflible. 

But  on  the  fuppofition  that  nothing  exifts  but 
that  whofe  pofllbility  they  are  able  to  comprehend, 
is  it  polfiblc  for  them  to  explain  how  bodies  would 
be  compofcd  of  monads  ?  Monads,  having  no  cxten»- 
fion,  muft  be  confidered  as  points  in  geometry,  or  as 
we  reprefent  to  ourfelvcs  fpirits  and  fouls.  Now  it 
is  well  known  that  many  geometrical  points,  let  the 
number  be  fuppofed  ever  fo  great,  never  can  pro- 
duce a  line,  and  confequently  flill  Icfs  a  furface,  or  a 
body.  If  a  thoufand  points  were  fufficient  to  con- 
ititutc  the  thoufandth  part  of  an  inch,  each  of  thefe 
muft  neceffarily  have  an  extenfion,  which,  taken  a 
thouland  times,  would  become  equal  to  the  thou- 
fandth part  of  an  inch.  Finally,  it  is  an  incontcftable 
truth,  that  take  any  number  of  points  you  will,  they 
never  can  produce  extenfion.  I  {peak  here  of  points 
fuch  as  we  conceive  in  geometry,  without  any  length, 
breadth  or  thicknefs,  and  which  in  that  rcfpect,  are 
abfolutely  nothing. 

Our  philofophers  accordingly  admit  that  no  ex- 
tenfion can  be  produced  by  geometrical  points,  and 
they  folemnly  proteft  that  their  monads  ought  not 
to  be  confounded  with  thefe  points.  They  have  no 
more  extenfion  than  points,  fay  they ;  but  they  are 
invefl:ed  with  admirable  qualities,  fuch  as  rcprcfcnt- 
ing  to  them  the  whole  univerfe  by  ideas,  though  ex- 
tremely obfcure ;  and  thefe  qualities  render  them 
proper  to  produce  the  phenomenon  of  extenfion,  or 
rather  that  apparent  extenfion  which  I  formerly 
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mentioned.  The  fame  idea,  then,  ought  to  be  formed 
of  monads  as  of  fpirits  and  fouls,  with  this  difference, 
that  the  faculties  of  monads  are  much  more  imper- 
fect. 

The  difficulty  appears  to  mc  by  this  greatly  in- 
creafcd,  and  I  flatter  myfelf  you  will  be  of  my  opi* 
nion,  that  two  or  more  fpirits  cannot  poffibly  be 
joined  fo  as  to  form  extenfion.  Several  fpirits  may 
very  well  f<^rm  an  affembly,  or  a  council,  but  never 
an  extcnfion ;  abftradtion  made  of  the  body  of  each 
counfcUor,  which  contributes  nothing  to  the  delibe- 
ration going  forward,  for  this  is  the  production  of 
fpirits  only ;  a  council  is  nothing  elfe  but  an  affembly 
of  fpirits  or  fouls :  but  could  fuch  an  affembly  re- 
prefentan  extenflon?  Hence  it  follows,  that  monads 
arc  dill  lefs  proper  to  produce  extcnfion  than  geo- 
metrical points  arc. 

The  partifans  of  the  fyftem,  accordingly,  arc  not 
agreed  as  to  this  point.  Some  allege,  that  monads 
are  aclual  parts  of  bodies  ;  and  that  after  having  di- 
vided :i  body  as  far  as  poffible,  you  then  arrive  at 
the  monads  which  conftitute  it. 

Others  abfolutcly  deny  that  monads  can  be  con- 
fidered  as  conflituent  parts  of  bodies ;  according  to 
them,  tlicy  contain  only  the  fulllcicnt  reafon  :  while 
the  body  is  in  motion,  the  monads  ftir  not,  but  they 
contain  the  fufficient  reafon  of  motion.  Finally, 
itfv  cannot  touch  each  other  ;  tlius,  when  my  hand 
-iiUiics  a  body,  no  one  monad  of  my  hand  touches 

,/sixad  of  the  body. 
~aiis  it  then,  you  will  alk,  tliat  touches  in  this 

cafe. 
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cafe,  if  it  is  not  the  monads  which  compofe  the  hand 
and  the  body  ?  The  anfwer  muft  be,  that  two  no- 
things touch  each  other,  or  rather  it  muft  be  denied 
that  there  is  a  real  contad.  It  is  a  mere  illuHon  defti- 
tute  of  all  foundation.  They  are  under  the  neceffity 
of  affirming  the  fame  thing  of  all  bodies,  which  ac-* 
cording  to  thefe  philofophers  are  only  phantoms 
formed  by  the  imagination,  reprefenting  to  itfelf 
very  confufedly  the  monads  which  contain  the  fuf- 
fidentreafon  of  all  that  we  denominate  body. 

In  this  philofophy  every  thing  is  fpirit,  phantonv 
and  iilulion }  and  when  we  cannot  comprehend  thefe 
myfteries,  it  is  our  ftupidity  that  keeps  up  an  attach- 
ment to  the  grofs  notions  of  the  vulgar. 

The  greateft  lingularity  in  the  cafe  is,  that  thefe 
philofophers,  with  a  deiign  to  inveftigate  and  explain 
the  nature  of  bodies  and  of  extenfion^  are  at  laft  re- 
duced to  deny  their  exiftencc.  This  is  undoubtedly 
the  fureft  way  to  fucceed  in  explaining  tlie  pheno- 
mena of  nature ;  you  have  only  to  deny  them,  and 
to  allege,  in  proof,  the  principle  of  the  fufficient 
reafon.  Into  fuch  extravagancies  will  philofophers 
rui>,  rather  than  acknowledge  their  ignorance. 

19/^  Mdfy,  1 761. 
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LETTER  XV. 

ReflccHons  on  the  Syjlejn  of  Monads. 

T  would  be  a  great  pity,  however,  that  this  inge- 
nious fyftem  of  monads  fhould  crumble  into  ruins. 
It  has  made  too  much  Aoife,  it  has  coft  its  parlifaw^ 
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too  many  fublime  and  profound  fpeculations,  to  be 
permitted  to  fink  into  total  oblivion.  It  will  ever 
remain  a  ftriking  monument  of  the  extravagance 
into  which  the  fpirit  of  philofophizing  may  run.  It 
is  well  worth  while,  then,  to  prefent-  you  with  a 
more  particular  account  of  it. 

It  is  neceiTary,  firft  of  all,  to  banifh  from  the  mind 
every  thing  corporeal,  all  extenfion,  all  motion,  all 
time  and  fpace,'for  all  thefe  are  mere  illufion*  No- 
thing exifts  in  the  world  but  monads,  the  number  of 
which  undoubtedly  is  prodigious.  No  one  monad 
is  to  be  found  in  connexion  with  others ;  and  it  is 
demon  ft  rated  by  the  principle  of  the  fufficient  rea- 
fon,  that  monads  can  in  no  manner  .whatever  a& 
upon  each  other.  They  are  indeed  invefted  with 
powers,  but  thefe  exerted  only  within  themfdves, 
without  having  the  leaft  influence  externally. 

lliefe  powers,  with  which  each  monad  is  endowed, 
have  a  tendency  only  to  be  continually  changing 
their  own  ftatc,  and  confift  in  the  reprefentation  of 
all  other  monads.  My  foul,  for  example,  is  a  mo- 
nad, and  contains  in  itfclf  ideas  of  the  ftate  of  all 
other  monads.  Thefe  ideas  are  for  the  moft  part 
very  obfcurc;  but  tlie  powers  of  my  foul  are  conti- 
nually employed  in  their  farther  elucidation,  and  in 
carrying  them  to  a  higlicr  degree  of  clearnefs. 
Other  monads  have,  in  this  refpecl,  a  fufficient  re- 
fcmbiancc  to  my  foul ;  each  i^  replete  with  a  prodi- 
gious quantity  of  obfcurc  ideas  of  all  other  monads, 
and  of  their  ftatc;  and  they  are  continually  exert- 
ing tliemfclvcs  v/ita  niore  or  Icfs  fuccefs  in  unfolding 

thefe 
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thde  ideas,  and  in  carrying  them  to  a  higher  degree 
of  dearnefs. 

Such  monads  as  have  fucceeded  better  than  I  have 
done  arc  fpirits  more  pcrfeft  ;  but  the  greater  part 
{till  remain  in  a  ftate  of  fiagnation,  in  the  greateft 
obfcurity  of  their  ideas ;  and  when  they  are  the  ob- 
jcft  of  the  ideas  of  my  foul,  they  produce  in  it  the 
iDufory  and  chimerical  idea  of  extenfion,  and  of 
body.  As  often  as  my  foul  thinks  of  bodies  and  of 
motion,  this  proves  that  a  great  quantity  of  other 
monads  are  ftill  buried  in  their  obfcurity;  it  is  like- 
wife  when  I  think  of  them,  that  my  foul  forms  with- 
in itfelf  the  idea  of  fome  extenfion,  which  is  conib* 
quently  nothing  but  mere  illufion. 

The  more  monads  there  are  plunged  in  the  abyfs 
of  the  obfcurity  of  their  ideas,  the  more  is  my  foxd 
dazzled  with  the  idea  of  extenfion;.  but  when  they 
come  to  clear  up  their  obfcure  ideas,  extenfion  feems 
to  me  to  diminifh,  and  this  produces  in  my  foul  the 
Slufory  idea  of  motion. 

You  will  afk,  no  doubt.  How  my  foul  perceives 
that  other  monads  fucceed  in  developing  their  ob- 
icure  ideas,  feeing  there  is  no  conneflion  between 
them  and  me?  The  partifans  of  the  fyftem  of  mo- 
nads are  ready  with  this  reply,  that  it  takes  place 
conformably  to  the  perfeft  harmony  which  the  Cre- 
ator  (who  is  himfelf  only  a  monad,)  has  eflablifhed 
between  monads,  by  which  each  perceives  in  itfelf, 
as  in  a  mirror,  every  developement  produced  in 
others,  without  any  manner  of  connection  between 
thenu 
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It  is  to  be  hoped,  then,  that  all  monads  may  at 
length  become  fo  happy  as  to  dear  up  their  obfcure 
ideas,  and  then  we  fhould  lofe  all  ideas  of  body  and 
of  motion ;  and  the  illiiiion,  arifing  mei:ely  from  the 
obfcurity  of  ideas,  would  entirely  ceafe* 

But  there  is  little  appearance  of  the  arrival  of  thii 
bleffed  (late;  moft  monads,  after  having  acquired 
the  capacity  of  clearing  up  their  obfcure  ideas,  fud- 
denly  relapfe.  When  fliut  up  in  my  chamber,  I  per- 
ceive myfelf  but  of  fmall  extenfion,  bccaufe  feveral 
monads  have  then  unfolded  their  ideas:  but  as  foon 
^s  I  walk  abroad,  and  contemplate  the  vaft  expanlie 
of  heaven,  they  mull  all  have  relapfed  into  their 
ftate  of  dulnefc- 

There  i^  no  change  of  place  or  of  motion ;  all 
that  is  illufion  merely :  my  foul  remains  almoft  aU 
ways  in  the  fame  place,  juft  as  all  other  monads. 
But,  when  it  begins  to  unfold  fome  ideas,  which  b6« 
fore  were  but  very  obfcure,  it  appears  tp  me  then 
that  I  am  approaching  the  objeft  which  they  repre- 
fent  to  me,  or  rather  that  which  the  monads  of  fuch 
idea  excite  in  me :  and  this  is  the  real  explanation 
of  the  phenomenon,  when  it  appears  t;o  us  that  we 
are  approaching  to  certain  objects. 

It  happens  but  too  frequently  that  the  elucidations 

wv  had  acquired  are  again  loft ;  then  it  appears  to 

M>  ;iit  we  arc  removing  from  the  fame  objeci.  And 

x*  V  wv  mull  look  for  the  true  folution  of  our  jour- 

;,^  -•li::^.    My  idea,  for  example,  of  the  city  of  Mag. 

s-»*u:x  ^*  produced  by  certain  monads,  of  which  at 

■  -.  ..    ,  ■   hivc  but  very  obfcure  ideas ;  and  this  is 

the 
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the  reafon  why  I  confider  myfelf  as  at  a  diftance  from 
Magdeburg.  Laft  year,  thefe  fame  ideas  fuddenly 
became  clear^  and  then  I  imagined  I  was  travelling 
to  Magdeburg,  and  that  I  remained  there  feveral 
days.  This  journey,  however,  was  an  illufion  merely, 
for  my  foul  never  ftirs  from  its  place.  It  is  likewife 
an  illufion  when  you  imagine  yourfelf  abfent  from 
Berlin,  becaufe  the  confiifed  reprefentation  of  certain 
monads  excites  an  obfcure  idea  of  Berlin,  which  you 
have  only  to  clear  up,  and  that  inflant  you  are  at 
Berlin.  Nothing  more  is  neceflary.  What  we  call 
journeys,  and  on  which  we  expend  fo  much  money, 
b  mere  illufion.  Such  is  the  real  plan  of  the  fyftem 
of  monads. 

.  You  will  aflc,  Is  it  poffible  there  ever  fhould  have 
been  perfons  of  good  fenfe,  who  ferioufly  maintained 
thefe  extravagances  ?  I  reply,  there  have  been  but 
too  many,  that  I  know  feveral  of  them,  that  there 
are  fome  at  Berlin,  nay  pcrliaps  at  Magdeburg. 
2}d  Majff  1761. 
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Continuation. 


nPHE  fyftem  of  monads,  fuch  as  I  have  been  de- 
fcribing  it,  is  a  neceflary  confequence  from  the 
principle,  that  bodies  are  compounded  of  fimple  be- 
ings. The  moment  this  principle  is  admitted,  you 
are  obliged  to  acknowledge  the  juftnefs  of  all  the 
other  confequences,  which  refult  from  it  fo  naturally, 

that 
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that  it  is  impoflible  to  rejeft  any  one,  however  ab* 
fiird  and  contradictory. 

Rrft,  thefe  fimple  beings,  which  muft  enter  into 
the  compofltion  of  bodies,  being  monads  which  have 
no  extenfion,  neither  can'  their  compounds^  that  is 
bodies,  have  any;  and  aU  thefe  extenfions  become 
illufion,  chimera,  it  being  certain,  that  parts  defti* 
tute  of  extenfion  are  incapable  of  producing  a  real 
extenfion ;  it  can  be,  at  moft,  an  appearance,  or  a 
phantom  which  dazzles  by  a  fallacious  idea  of  ex- 
tenfion. In  a  word,  every  thing  becomes  iUufion, 
and  upon  this  is  founded  the  fyftem  of  pre-eftablifhod 
harmony,  the  difficulties  of  which  I  have  already 
pointed  out. 

It  is  necefiary  then  to  take  care  that  we  be  not  en- 
tangled in  this  labyrinth  of  abfurdities.  If  you  make 
a  fingle  falfe  ftep  over  the  threftiold,  you  are  in- 
volved beyond  the  power  of  cfcaping.  Every  thing 
depends  on  the  firft  ideas  formed  of  extenfion;  and 
the  manner  in  which  the  partifans  of  the  fyftem  of 
monads  endeavour,  to  efiablifh  it,  is  extremely  fe- 
ductive. 

Thefe  philofophers  love  not  to  fpeak  of  the  ex- 
tenfion of  bodies,  becaufe  they  clearly  forefee,  that 
it  muft  become  fatal  to  them  in  the  fequel ;  but  in- 
ftead  of  faying,  that  bodies  are  extended,  they  de- 
nominate them  compound  beings,  which  no  one  can 
deny,  as  extenfion  nccefllirily  fuppofes  divifibility, 
and  confequently  a  combination  of  parts  which  con- 
ftitutc  bodies.  But  they  prcfcntly  make  a  wrong 
ufe  of  this  notion  of  a  compound  being.     For,  fay 

they. 
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they,  a  being  can  be  compounded  only  fo  far  as  it  ^ 
made  up  of  fimple  beings ;  and  hence  they  conclude, 
that  every  body  is  compounded  of  fimple  beings. 
As  ibon  as  you  grant  them  this  conclufion,  you  are 
caught,  beyond  the  power  of  retreating;  for  you  are 
under  the  neceflity  of  admitting,  that  thefe  fimple 
beings,  not  being  compounded,  are  not  extended. 

This  captious  argument  is  exceedingly  feductive. 
If  you  permit  yourfelf  to  be  dazzled  with  it,  they 
have  gained  their  point.  Only  admit  this  propofi- 
tion,  bodies  are  compounded  of  fimple  beings,  that 
is,  of  parts  which  have  no  extenfion,  and  you  are 
entangled.  With  all  your  might,  then,  refill  this 
a£krtion :  every  compound  being  is  made  up  of  fimple 
beings ;  and  though  you  may  not  be  able  dircftly  to 
prove  the  £dlacy,  the  abfurd  confequences  which 
immediately  refult,  would  be  fufficient  to  over- 
throw it. 

In  efFecl,  they  admit  that  bodies  are  extended; 
from  this  point  the  partifens  of  the  fyftem  of  mo- 
nads  fet  out,  to  eftablifh  the  propofition  that  they 
are  compound  beings;  and  having  hence  deduced, 
that  bodies  are  compounded  of  fimple  beings,  they 
are  oUiged  to  allow,  that  fimple  beings  are  incapable 
of  producing  real  extenfion,  and  confequently,  that 
the  extenfion  of  bodies  is  mere  illufion. 

An  argument  whofe  conclufion  is  a  dired  contra- 
diction of  the  premifes  is  fingularly  ftrange :  this 
reafoning  fets  out  with  advancing  that  bodies  arc  ex- 
tended; for,  if  they  were  not,  how  could  it  be 
known  that  they  are  compound  beings,  and  then 

comes 
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comes  the  condufion,  that  they  arc  not  to.  if  ever 
was  a  fallacious  argument,  in  my  opinion,  more  com*> 
pletely  refuted  than  this  has  been.  The  queftion 
was.  Why  arc  bodies  extended?  And,  after  a  little 
turning  and  winding,  it  is  anfwered,  Becaufe  they 
arc  notfo.  Were  I  to  be  alked.  Why  has  a  triangle 
three  fides  ?  and*  I  fliould  reply,  that  it  is  a  mere  il- 
lufion,  would  fuch  a  reply  be  deemed  fati^fadory  ? 

It  is  therefore  certain,  that  this  propofition,  *  Every 
compound  being  is  neceffarily  made  up  of  fimple  be- 
ings,* leads  to  a  falfe  conclufion,howevcr  well-founded 
it  may  apppar  to  the  partifims  of  monads,  who  even 
pretend  to  rank  it  among  the  axioms,  or  firft  prin- 
ciples of  human  knowledge.  The  abfurdity  in  which 
it  inimediately  iffues,  is  fullicient  to  overturn  it,  were 
there  no  other  reafons  for  calling  it  in  queftion. 

But  as  a  compound  being  here  means  the  fame 
thing  as  an  extended  being,  it  is  juft  as  if  it  were 
alUrmed, '  Every  extended  being  is  compounded  of 
beings  which  are  not  fo.*  And  this  is  prccifely  the 
queftion.  It  is  afked,  Whether,  on  dividing  a  body, 
you  arrive  at  length  at  parts  unlufceptible  of  any 
fartlicr  clivifion,  for  want  of  extenfion  ;  or.  Whether 
you  never  arrive  at  particles  fuch  as  that  the  divifi- 
bility  ftiould  be  unbounded  ? 

In  order  to  determine  tliis  important  queftion, 
for  tlie  fake  of  argument  kt  it  be  fuppofcd,  that 
every  body  is  co;rpoundeel  of  p:\rts  witliout  exten- 
fion. Cevt.iln  rpccions  rcafoniiiir;  may  ealUv  be  em- 
ployed,  drawn  irom  the  ni^ted  p^ir.Lij^.le  ot  the  fuf- 
iieicnt  icubn;  ani  ir  v.  ill  be  i'aid,  that  a  compound 
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being  can  have  its  fufficient  reafon  only  in  the  iimplc 
beings  which  compofe  it ;  which  might  be  true,  if 
the  compound  being  were  in  fact  made  up  of  iimplc 
beings,  the  very  point  in  qucftion;  and  whenever 
this  compoiition  is  denied,  the  fufficient  reafon  be- 
comes totally  inapplicable. 

But  it  is  dangerous  to  enter  the  lifts  with  pcrfons 
who  bdieve  in  monads;  for,  beiidcs  that  there  is 
nothing  to  be  gained,  they  loudly  exclaim  that  you 
are  attacking  the  principle  of  the  fufficient  reafon, 
which  is  the  bafis  of  all  certainty,  even  of  the  exift*. 
cnce  of  Go4«  According  to  them,  whoever  refufes 
to  admit  monads,  and  rejects  the  magnificent  fabric, 
in  which  every  thing  is  illufion,  is  an  infidel  and  an 
atheift.  Sure  I  am  that  fuch  a  frivolous  imputation 
will  not  make  the  flighteft  imprcifion  on  your  mind, 
but  that  you  u^ill  perceive  the  wild  extravagancies 
into  which  men  are  driven,  when  they  embrace  the 
fyftem  of  monads,  a  fyftem  too  abfurd  to  need  a 
refutation  in  detail ;  their  foundation  being  abfi)- 
hitely  reduced  to  a  wretched  abufe  of  the  principle 
of  the  fufiicient  reafon. 

abr/j  Majt  1 76 1 . 

LETTER    XVII. 

Conclujion  of  RcficSkm  on  ibis  ^^jlcm. 

1^X7E  arc  under  the  ncccflity  of  acknowledging 

the  divifibility  of  bodies  in  infiiiiturii,  or  o^ 

admitting  the  fyftem  of  monads  with  all  il.c  cxtrax  a- 
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gandes  refulting  from  it ;  there  is  no  otEer  choice  t 
an  alternative  which  fupplies  the  parties  of  that 
fyftem  with  another  formidable  argument  in  fupport 
of  it. 

They  pretend  that,  by  divifibility  in  infinitum,  we 
are  obliged  to  afcribe  to  bodies  an  infinite  quality^ 
whereas  it  is  certain  that  God  alone  is  infinite. 

The  partifans  of  the  fyftem  of  monads  are  very 
dangerous  perfons  ;  they  accufed  us  of  atheifin,  and 
now  they  charge  us  with  polytheifm,  alleging  that 
we  afcribe  to  all  bodies  infinite  perfeftionsi  Thud 
we  fliould  be'much  worfe  than  pagand,  who  only 
worfhip  certain  idols,  whereas  we  are  accufed  of  pay^^ 
ing  homage  to  all  bodies  as  fo  many  divinities.  A 
dreadful  imputation,  no  doubt,  were  it  well  founded) 
and  I  {hould  certainly  prefer  embracing  the  fyftem 
of  monads,  with  all  the  chimeras  and  illufions  which 
flow  from  it,  to  a  declaration  in  favour  of  divifibility 
in  infinitum,  if  it  involved  a  conclufion  fo  impious. 

You  will  allow  that  to  reproach  one's  adverfaries 
with  atheifm  or  idolatry  is  a  very  ftrange  mode  of 
arguing ;  but  where  do  they  find  us  afcribing  to  bo- 
dies this  divine  infinity  ?  Are  they  infinitely  power- 
ful, wife,  good,  or  happy  ?  By  no  means :  we  only 
affirm,  that  on  dividing  bodies,  though  the  divifion 
be  carried  on  ever  fo  far,  it  will  always  be  poffible 
to  continue  it  farther,  and  that  you  never  can  arrive 
at  indivifible  particles.  It  may  accordingly  be  af- 
firmed  that  the  divifibility  of  bodies  is  without  limits ; 
and  it  is  improper  to  ufc  the  term  injinityj  which  is 
applicable  to  God  alone. 

Imuft 
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I  mufl  remark  at  the  £ime  time,  that  the  word 
*  infinity'  is  not  fo  dangerous  as  thefe  philofophers 
infinuate.  In  faying,  for  example,  infinitely  wicked^ 
nothing  is  more  remote  from  the  perfections  of  God* 

ITiey  admit  that  our  fouls  will  never  have  an  end^ 
and  thus  acknowledge  an  infinity  in  the  duration  of 
the  foul,  without  marking  the  leafl  difrefpeft  to  the 
infinite  perfeftions  of  God.  Again,  when  you  afk 
them  if  the  extent  of  tlie  univerfe  is  bounded,  arc 
they  vefy  indecifive  in  their  anfwer  f  Some  of  them 
frankly  allow,  that  tlie  extent  of  the  univerfe  may- 
very  probably  be  inlinitt;,  without  our  being  able^ 
however  far  our  ideas  arc  carried,  to  determine  its 
limits.  Here  then  is  one  infinity  more,  which  they 
do  not  deem  heretical. 

For  a  ftill  Itronger  reafon  divifibility  in  infinitum 
ought  not  to  give  them  the  Icafl  offence.  To  be  di- 
vifible  to  infinity  is  not  liirely  an  attribute  which  any 
one  could  ever  think  of  afcribing  to  the  Supreme 
Being,  and  confers  not  on  bodies  a  degree  of  perfec- 
tion which  would  not  be  for  from  that  which  thefe 
philofophcrs  allow  them,  in  compounding  them  of 
monads,  which,  on  their  fyftem,  are  beings  endowed 
"mth  qualities  fo  eminent,  that  they  hefitate  not  to 
give  to  God  himfelf  the  denomination  of  monad. 

In  truth,  the  idea  of  a  divifion  which  may  be  con- 
tinned  without  any  bounds,  contains  fo  little  of  the 
charafter  of  the  Deit),  that  it  rather  places  bodies  in 
a  rank  far  inferior  to  that  which  fpirits  and  our  fouls 
occupy ;  for  it  m-iy  well  be  affirmed,  that  a  foul,  in 
its  effence,  is  infiniicly  more  valuable  than  all  tlic 

bodies 
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bodies  in  the  world.  But,  on  the  fyftem  of  monads, 
every  body,  even  the  vileft,  is  compounded  of  a  vaft 
number  of  monads,  whofe  nature  Has  a  great  refem* 
blance  to  that  of  our  fouls.  Each  monad  reprefents 
to  itfelf  the  whole  world  as  eafily  as  our  fouls ;  but, 
lay  they,  their  ideas  of  it  are  very  obfcure,  though 
we  have  already  clear,  and  fometimes  alfo  diftind, 
ideas  of  it. 

But  what  affurance  have  they  of  this  difference  ? 
Is  it  not  to  be  apprehended  that  the  monads  which 
compofe  the  pen  wherewith  I  am  writing,  may  have 
ideas  of  the  univerfe  much  clearer  than  thofe  of  my 
foul  ?  How  can  I  be  affured  of  the  contrary  ?  I  ought 
to  be  afhamed  to  employ  a  pen  in  conveying  my 
feeble  conceptions,  while  the  monads  of  which  it 
coniifts  poffibly  conceive  much  more  fublimely ;  and 
you  might  have  greater  reafon  to  be  iatisfied,  fhould 
the  pen  commit  its  own  thoughts  to  paper,  inftead  of 
mine. 

In  the  fyftem  of  monads,  that  is  not  neceflary ;  the 
foul  reprefents  to  itfelf,  beforehand,  by  its  inherent 
powers,  all  the  ideas  of  my  pen,  but  in  a  very  obfcure 
manner.  What  I  am  now  taking  the  liberty  to  fug- 
geft,  contributes  abfolutely  nothing  to  your  informa- 
tion. The  partiHins  of  this  fyftem  have  demonftrated 
that  fimplc  beings  cannot  excrcifc  the  flighteft  influ- 
ence on  each  other ;  and  your  own  foul  derives  from 
itfelf  what  I  have  been  endeavouring  to  convey,  with- 
out my  having  any  concern  in  the  matter. 

Convciiation,  reading  and  writing,  therefore,  arc 
merely  chimerical  and  dacptivc  formalities,  which 

illufion 
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iQuliOh  Would  impofe  upon  us  as  the  means  of  ac- 
quiring and  extending  knowledge.  But  I  have  al- 
ready had  the  honour  of  pointing  out  to  you  the 
Wonderful  confequences  refulting  from  the  fyftem  of 
the  pre-efiabliihed  harmony  ;  and  I  am  apprehenfive 
that  thefe  reveries  may  have  become  too  fevere  a 
trial  of  your  patience,  though  many  perfons  of  fupe- 
rior  illumination  confider  this  fyftem  as  the  moft 
fublime  production  of  human  undcrftanding,  and  are 
incapable  of  mentioning  it  but  with  the  moft  pro- 
found refpcdi 

I  flatter  myfelf  that  I  have  guarded  you  fuffidently 
againft  fuch  chimeras,  however  fedudive  their  ap& 
pearance ;  I  fhould  be  forry,  at  the  fame  time^  to  have 
injured  in  your  good  opinion  a  confiderable  part  of 
our  modern  philofophers.  They  are,  for  the  moft 
part,  extremely  innocent,  but  remain  obftinately  at- 
tached to  the  fyftem  which  at  firft  impofed  on  them, 
without  greatly  troubling  thcmfelves  about  the  ab* 
furd  confequences  which  flow  fron\  it^ 

30/^  May,  1761. 
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Elucidation  refpe6ling  the  Nature  of  Colours. 

T  AM  under  the  neceflity  of  acknowledging,  that 
•*•  the  ideas  refpefting  colour,  which  I  have  already 
taken  the  liberty  to  fuggeft,*  come  far  fhort  of  that 

*  Vol.  I.    Letters  XX VII.  XXVIII.  and  XXXI. 
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degree  of  evidence  to  which  I  couid  hive  wifhed  to 
carry  them.  This  fubjeft  has  hitherto  proved  a 
ihinibling-block  to  philofophers,  and  I  muft  not  ]lat« 
tcr  myfelf  with  the  belief  that  I  am  able  to  dear  it  of 
every  difficulty*  I  hope,  at  the  >fame  time,  that  the 
elucidations  which  I  am  going  to  fubmit  to  your  ex« 
amination,  may  go  far  toward  removing  a  coniider- 
able  part  of  them. 

The  ancient  philofophers  ranked  colours  among 
the  bodies  of  which  we  know  only  the  names.  When 
they  were  afked,  for  example,  why  fuch  a  body  was 
red,  they  anfwered,  it  was  in  virtue  of  a  quality 
which  made  it  appear  red*  You  muft  be  fenfible 
that  fuch  an  anfwer  conveys  no  information,  and 
that  it  would  have  been  quite  as  much  to  the  purpofe 
to  confefs  ignorance. 

Dc/cartesj  who  firft  had  the  courage  to  plunge 
into  the  myfteries  of  nature,  afcribes  colours  to  a 
certain  mixture  of  light  and  fliade,  which  laft  being 
nothing  clfe  but  a  want  of  light,  as  it  is  always  found 
where  the  light  does  not  penetrate,  muft  be  incapable 
of  producing  the  different  colours  we  obferve. 

Having  remarked  that  the  fenfations  of  the  organ 
of  (ight  are  produced  by  the  rays  which  ftrike  that 
organ 5  it  neccflarily  foUows,  that  thofe  which  excite 
in  it  the  fenfation  of  red,  muft  be  of  quite  a  different 
nature  from  thofe  which  produce  the  fenfation  of  the 
other  colours ;  hence  it  is  eafily  comprehended  that 
each  colour  is  attached  to  a  certain  quality  of  the 
rays  which  ftrike  the  organ  of  viiion.     A  body  ap- 
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J)cars  to  us  red,  when  the  rays  which  it  emits  arc  of 
a  nature  to  excite  in  our  eyes  the  fenfation  of  that 
colour. 

The  whole,  then,  refults  in  an  enquiry  into  the 
difl^ence  of  the  rays  which  variety  of  colours  pro- 
duces. This  difierence  muft  be  great,  to  produce  £0 
many  particular  fenfations  in  our  eyes.  But  wherein 
can  it  confift  ?  This  is  the  great  queftion,  toward 
the  folution  of  which  our  prefent  refearch  is  directed* 

The  firft  difference  between  rays  which  prefents 
klelf  is,  that  fome  are  ftronger  than  others.  It  can- 
not be  doubted  that  thofe  of  the  fun,  or  of  any  other 
body  very  brilliant,  or  very  powerfully  illuminated^ 
xnuft  be  much  ftronger  than  thofe  of  a  body  feebly 
illuminated,  or  endowed  with  a  {lender  degree  of 
light ;  our  eyes  are  affuredly  ftruck  in  a  very  different 
manner  by  the  one  and  by  the  other. 

Hence  it  might  be  inferred,  that  different  colours 
fefiilt  from  the  force  of  the  rays  of  light ;  fo  that  the 
moft  powerful  rays  ihould  produce,  for  example,  red  ^ 
thofe  which  are  lefs  fo,  yellow ;  and  in  progreffion, 
green,  and  blue. 

But  there  is  nothing  more  cafy  than  to  overturn 
this  fyftem,  as  we  know  from  experience  that  the 
lame  bbdy  always  appears  to  be  of  the  fame  colour, 
be  it  lefs  or  more  illuminated,  or  whether  its  rays  be 
{bong  or  feeble.  A  red  body,  for  example,  appears 
equally  red,  expofed  to  the  brightefl  luflre  of  the  fun, 
jMid  in  the  fhade,  where'  the  rays  are  extremely  faint. 
We  mufl  not  then  look  for  the  caufe  of  the  difference 
rf  colour  in  the  different  degrees  of  the  force  of  rays 
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^  of  light,  it  being  poflible  to  reprdent  the  fame  colour 
as  well  by  very  forcible  as  by  very  faint;  rays.    Hie 
feebleft  glmunering  ferves  equally  well  to  dilcovar  tp  ' 
•  us  difference  of  colours,  as  the  brighteft  effulgence. 

It  b  abfolutdy  neceflary,  therefore,  that  there 
ihould  be  another  difierence  of  rays  diicovered,  which 
may  charaAerize  their  nature  relatively  to  the  dif- 
ferent colours.  You  will  undoubtedly  conclude,  tiiat 
in  order  to  difcover  this  difference,  we  muft  be  better 
acquainted  with  the  nature  of  luminous  rays ;.  in 
.other  words,  we  muft  know  what  it  is  that,  reaching 
our  eyes,  renders  bodies  vifiUe :  this  definiticm  of  a 
ray  muft  be  the  jufteft,  as  in  eSkGt  it  is  nothing  die 
but  that  which  enters  into  the  eye  by  the  pupil^  and 
exdtes  the  ienlation  in  it. 

I  have  already  informed  you,  that  there  are  cmly 
two  fyftems  or  theories  which  pretend  to  esqilain  the 
origin  and  nature  of  rays  of  light.  The  one  is  that 
of  Newton  J  who  condders  them  as  emanations  pro- 
ceeding from  the  fun  and  other  luminous  bodies } 
and  the  other,  that  which  I  have  endeavoured  to  de- 
monftrate,  and  of  which  I  have  the  reputatioa  of 
bdng  the  author,  though  others  have  had  nearly  the 
fame  ideas  of  it.^  Perhaps  I  may  have  fucceeded 
better  than  they,  in  carrying  it  to  a  higher  degree 
of  evidence.  It  will  be  of  importance,  then,  to  fhew, 
in  both  fyftems,  pn  what  principle  the  difference  of 
colours  may  be  eftabliihed. 

In  that  of  emanation,  which  fuppofes  the  rays  to 
iffue  from  luminous  bodies,  in  the  form  of  rivers,  or 
rathe]:  of  fountains,  fpouting^out  a  fluid  in  all  direc- 
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dons,  it  is  alleged  that  the  particles  of  light  differ  in 
fise  or  in  fubftance,  as  a  fountain  might  emit  wine, 
oil,  and  other  liquids ;  fo  that  the  difierent  colours 
are  occafioned  bjr  the  diverfity  of  the  fubtile  matter 
which  emanates  from  luminous  bodies.  Red  would 
be,  accordingly,  a  fubtile  matter  iffuing  from  the  lu- 
minous body,  and  fo  of  yellow  and  the  other  colours. 
This  explication  would  exhibit  clearly  enough  the 
origin  of  the  different  colours,  if  the  fyftem  itfelf  had 
a  Xolid  foundation.  I  fhall  enter  into  the  fubjeft 
snore  at  large  in  my  next  letter. 

zdjune^  1761. 
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LETTER  XIX. 
Refledions  on  the  Analog  between  Colours  and  Sounds. 

YOU  win  be  pleafed  to  recoiled  the  objeftions  I 
offered  to  the  fyftem  of  the  emanation  of  light.* 
They  appear  to  me  fo  powerful,  as  completely  to 
overturn  that  fyftem.  I  have  accordingly  fucceeded 
in  my  endeavours  to  convince  certain  natural  philo- 
fbphers  of  diftinftion,  and  they  have  embraced  my 
fimtiments  of  the  fubjeft  with  expreflions  of  lingular 
fatisfadtion.   * 

Rays  of  light,  then,  are  not  an  emanation  from 
die  fun  and  other  luminous  bodies,  and  confift  not 
of  a  fubtile  matter  emitted  forcibly  by  the  fun,  and 
tranfmitted  to  us  vAxh  a  rapidity  which  may  well 

♦  Vol.  I.     Letters  XVII.  and  XVII I. 
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jBU  you  with  aftopiflimeht.  If  thf^nys  eiyip|0y«k| 
only  ei^ht  minutes  in  their  cwirie  from  tbf  (on  ^ 
US,  the  torrent  would  be  terrible,  apd  ikf  imli  ^ 
that  luminary,  however  ys^  muft  fpeodl}^  ^  ph 

liaiifted. 

According  to  my  fyftem,  the  rays  of  the  fim,  of 
wluch  we  have  a  £palible  perception,  do.  not  prooeedi 
immediately  from  that  luminary }  they  are  only  par- 
ticles of  ether  floating  around  us,  to  which  ^  &% 
communicates  nearer  and  nearer  a  motion  of  vUin» 
tion,  and  confequentiy  they  do  not  greatly  f^h^ftgl 
their  place  in  this  motion. 

This  propagation  of  light  is  performed  in  a  manner 
fimilar  to  that  of  found.  A  bell,  whofe  found  you 
hear,  by  no  means  emits  the  particles  which  enter 
your  ears.  You  have  only  to  touch  it  when  firuck, 
to  be  affured  that  all  its  parts  are  in  a  very  Tenfible 
agitation.  This  a^tation  immediately  communicates 
itfelf  to  the  more  remote  particles  of  air,  fo  that  all 
receive  from  it  fuccefiively  a  iimilar  motion  of  vibra- 
tion, which,  reaching  the  ear,  excite  in  it  the  fen&tion 
of  found.  The  firings  of  a  mufical  inftrument  put 
the  matter  beyond  all  doubt ;  you  fee  them  tremble, 
go  and  come.  It  is  even  poffible  to  determine  by 
calculation  how  often  in  a  fecond  each-firing  vibrates; 
a|id  this  agitation,  being  communicated  to  the  par- 
tides  of  air  adjacent  to  the  organ  of  hearing,  the  ear 
is  ftruck  by  it  predfely  as  often  in  a  fecond.  It  is 
t^^  perception  of  this  tTen^uk)us  agitation  which  con<p 
ititutes  the  nature  of  fiDund.  The  greater  the  num- 
ber 
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bar  of  vibrations,  produced  by  the  firing  in  a  fecond, 
the  higher  or  (harper  is  the  found.  Vibrations  Ids 
firequent  produce  lower  notes. 

Wc  find  the  circumftances,  which  accompany  the 
feniation  of  hearing,  in  a  manner  perfedly  analogous, 
in  that  of  fight. 

The  medium  only,  and  the  rapidity  of  the  vibra- 
tions differ.  In  found,  it  is  the  air  through  which 
the  vibrations  of  fonorous  bodies  are  tranfmitted. 
But  with  refpecl  to  light,  it  is  the  ether,  or  that  me- 
dium incomparably  more  fubtile  and  more  elaftic 
than  sdr,  which  is  univerfally  difiufed  wherever  the 
air  and  groffer  bodies  leave  interftices. 

As  often  then  as  this  ether  is  put  into  a  ftate  of 
vibration,  and  is  tranfmitted  to  the  eye,  it  excites  in 
it  thefcntiment  of  vifion,  which  is, in  that  cafe,  nothing 
biit  a  fimilar  tremulous  motion,  whereby  the  finall 
nervous  fibres  at  the  bottom  of  the  eye  are  agitated. 

You  eafily  comprehend,  that  the  fenfation  muft.  be 
<lifferent,  according  as  this  tremulous  agitation  is 
more  or  leis  frequent ;  or  according  as  the  number 
of  vibrations  performed  in  a  fecond  is  greater  or  lefs. 
Hence  there  muft  refult  a  diflference  fimilar  to  that 
which  takes  place  in  founds,  when  the  vibrations  are 
more  or  lefs  frequent.  This  difference  is  clearly  per- 
ceptible by  the  ear,  as  the  character  of  founds  in  rc- 
i^peft  of  flat  and  (harp  depends  on  it.  You  will  re- 
coUeft  that  the  note  marked  C  in  the  harpficord  per- 
forms about  I  GO  vibrations  in  a  fecond ;  note  D  1 1 2  ; 
note  E  125;  noteF  133;  note  G  150;  note  A  166; 
note  B  187;  and  note  C  200.    Thus  the  nature  of 

F  4  founds 
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founds  dqpends  on  the  number  of  vibrations  per« 
formed  in  a  fecond. 

It  cannot  be  doubted  that  the  fenfe  of  feeing  may 
be  likewife  dijBFerently  affefted,  according  as  the  num* 
ber  of  vibrations  of  the  nervous  fibres  of  the  bottom 
of  the  eye  is  greater  or  lefs.  When  thefe  fibres  vi- 
brate I  GOO  times  in  a  fecond,  the  fenlation  muft  be 
quite  different  from  what  it  would  be,  did  they  vi-^ 
brate  1200  or  1500  times  in  the  fame  fpace. 

True  it  is  that  the  organ  of  vifion  is  not  in  a  con-, 
dition  to  reckon  numbers  fo  great,  fl:ill  lefs  than  the 
ear  is  to  reckon  the  vibrations  which  confl:itute  found; 
but  it  is  always  in  our  power  to  diftinguilh  between 
the  greater  and  the  lefs. 

In  this  difference,  therefore,  we  mufl:  look  for  the 
caufe  of  difference  of  colour ;  and  it  is  certain  that 
each  of  them  correfponds  to  a  certain  number  of  vi- 
brations, by  which  the  fibres  of  our  eyes  are  ftruck  in 
a  fecond,  though  we  are  not  as  yet  in  a  condition  to 
determine  the  number  correfponding  to  each  parti- 
cular colour,  as  we  can  do  with  refpecl  to  founds. 

Much  refearch  muft  have  been  employed  before  it 
was  poffible  to  afcertain  the  numbers  correfponding 
to  all  the  notes  of  the  harpfichord,  though  there  was 
an  antecedent  conviction  that  their  difference  was 
founded  on  the  divcrfity  of  thofc  numbers.  Our 
knowledge  refpccling  thefe  objects  is  neverthelefs 
confidcrably  advanced,  from  our  being  affured  that 
there  prevails  a  harmony  fo  delightful  between  the 
different  notes  of  the  harpfichord  and  the  different 
colours  J  and  that  the  circumftances  of  the  one  fcrve 

to 
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to  cluddate  thofc  of  the  other.  This  analogy  ac- 
cordingly furniflies  the  moft  convincing  proofs  in 
fiipport  of  my  fyftem.  But  I  have  reafons  ftill  more 
iblid  to  adduce,  which  will  fecure  it  from  every  at- 
tack. 

6fb  Jum^  176Z. 

LETTER    XX. 

Continuation. 

NOTHING  is  more  adapted  tQ  the  communica- 
tion of  knowledge  refpecHng  the  nature  of 
vifion,  than  the  analogy  difcoverable,  almoft  in  every 
particular,  between  it  and  the  hearing.    Colours  are 
to  the  eye  what  founds  are  to  the  ear.     They  differ 
from  each  other  as  flat  and  ftiarp  notes  differ.    Now 
we  know  that  flat  and  fliarp  in  founds  depends  on 
die  number  of  vibrations  whereby  the  organ  of  hear- 
ing is  ftruck  in  a  given  time,  and  that  the  nature  of 
each  is  determined  by  a  certain  number  which  marks 
the  vibrations  performed  in  a  fecond.     From  this  I 
conclude,  that  each  colour  is  like^  ife  reftriclcd  to  a 
number  of  vibrations,  which  aft  on  vifion  j  with 
this  difference,  that  the  vibrations  which  produce 
found  refide  in  grofs  air,  whereas  thofe  of  light  and 
colours  are  tranfmitted  through  a  medium  incompa- 
rably more  fubtile  and  elaftic.    The  fame  thing  holds 
as  to  the  objects  of  both  fenfes.     Thofe  of  hearing 
are  all  of  them  bodies  adapted  to  the  tranfmiflion  of 
found,  that  is  fufceptible  of  a  motion  of  vibration. 
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or  of  a  tremulous  agitation,  which,  communicating 
itfclf  to  the  air,  excites  in  the  organ  the  fcnfation 
of  a  found  correfponding  to  the  rapidity  of  the  vi« 
brations. 

Such  are  all  mufical  inftruments ;  and,  to  confine 
myfelf  principally  to  the  harpfichord,  we  afcribe  to 
each  firing  a  certaui  found  which  it  produces  when 
ftruck.  Thus  one  firing  is  named  C,  another  D, 
and  fo  on.  A  firing  is  named  C,  when  its  firuchire 
and  tenfion  are  fuch,  that  being  firuck,  it  produces 
about  IOC  vibrations  in  a  fecondj  and  if  it  produced 
lefs  or  more  in  the  fame  time,  it  woxdd  have  the 
name  of  a  different  note,  higher  or  lower. 

You  will  pleafe  to  recollect,  that  the  found  of  a 
firing  depends  on  three  things,  its  length,  its  thick- 
nefs,  and  the  degree  of  tenfion ;  the  more  it  is 
ftrctched,  the  fharper  its  found  becomes:  and  as  long 
as  it  prefer ves  the  fame  difpofition,  it  emits  the  fame 
found ;  but  that  changes  as  foon  as  the  other  under- 
goes any  variation. 

Let  us  apply  tliis  to  bodies  which  are  the  objects 
of  vifion.  The  minuter  particles  which  compofe  the 
tiffue  of  their  furface,  may  be  confidcred  as  firings 
diftendcd,  in  as  much  as  they  are  endowed  with  a 
certain  degree  of  elafticity  and  bulk,  fo  that  being 
ftruck  they  acquire  a  motion  of  vibration,  of  which 
they  will  finiOi  a  certain  number  in  a  fecond :  and 
on  this  number  <lepends  the  colour  which  we  afcribe 
to  fuch  body.  It  is  red,  when  the  particles  of  its 
furface  have  fuch  a  degree  of  tenfion,  that  being  agi- 
tated,  they  perform  precifely  fo  many  vibrations  in 

a  fecond 
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A  fecond  as  are  necefiary  to  excite  in  us  the  fenfation 
of  that  cdoun  A  degree  of  tenfion  which  would 
produce  vibrations  more  or  lefs  rapid,  would  excite 
that  of  a  different  colour,  and  then  the  body  would 
be  yellow,  green,  or  blue,  &c. 

Wc  have  not  as  yet  acquired  the  ability  of  aflign- 
mg  to  each  colour  the  number  of  vibrations  which 
conftitute  its  effence ;  we  do  not  fo  much  as  know 
which  are  the  colours  that  require  a  greater  or  lefs 
rapidity  of  vibration,  or  rather,  it  is  not  yet  deter- 
miaed  what  colours  correfpond  with  high  or  low 
notes.  It  is  fufficient  to  know,  that  each  colour  is 
attached  to  a  certain  number  of  vibrations,  though 
it  has  not  hitherto  been  afcertained ;  and  that  you 
have  only  to  change  the  tenfion  or  clafticity  of  the 
particles  which  form  the  furface  of  a  body,  to  make 
it  change  colour. 

We  fee  that  the  moft  beautiful  colours  in  flowers 
quickly  change  and  difappear,  from  a  failure  of  the 
nutritive  juices :  and  becaufe  their  particles  lofe  their 
vigour  or  their  tenfion.  This  too  is  ohfervable  in 
every  other  change  of  colour. 

To  place  this  in  a  clearer  light,  let  us  fuppofe  that 
the  lenfation  of  red  requires  fuch  a  rapidity  of  \a- 
bration,  that  i  coo  are  performed  in  a  fecond ;  that 
prange  require  1125,  yellow  1250,  green  1333,  ^"^^ 
1-500,  and  violet  i666.  Though  thefe  numl>crs  are 
only  fuppofed,  this  affefts  not  the  object  I  have  in 
view.  What  I  fay  as  to  thefe  numbers,  will  apply 
ia  like  manner  to  the  really  correfponding  numbers, 
if  ever  they  are  difcovered. 
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A  body,  then,  will  be  red,  when  the  particles  of 
its  furface  put  in  vibration,  complete  looo  in  a  fe- 
cond  ;  another  body  wiU  be  orange,  when  difpofcd 
fo  as  to  complete  1 1 25  in  a  fccond,  and  fo  on.  Hence 
it  is  obvious  that  there  muft  be  an  endleis  variety  of 
intermediate  colours,  between  the  fix  principal  which 
I  have  mentioned ;  and  it  is  likewife  evident,  if  the 
particles  of  a  body  being  agitated  fhould  perform 
1400  vibrations  in  a  fecond,  it  would  be  of  an  in- 
termediate colour  between  green  and  blue ;  green 
correfponding  to  number  1333,  and  blue  to  1500, 
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How  opaque  Bodies  are  rendered  vi/ible. 

YOU  will  find  no  difficulty  in  the  definition  I 
have  been  giving  of  coloured  bodies.  The' 
particles  of  their  furface  are  always  endowed  with 
a  ccrtiiin  degree  of  elafticity,  which  renders  them 
fufceptible  of  a  motion  of  vibration,  as  a  firing  is 
always  fufceptible  of  a  certain  found ;  and  it  is  the 
number  of  vibrations  which  thefe  particles  are  ca- 
pable of  making  in  a  fccond,  which  determines  the 
fpccics  of  colour. 

If  tlic  particles  of  the  furface  have  not  elaflicity 
fufficicnt  to  admit  of  fuch  agitation,  the  body  muft 
be  bhck,  this  colour  being  nothing  clfe  but  a  do- 
privation  of  light,  and  all  bodies  from  which  no  rays 
arc  tranlinittcd  to  our  eyes  appearing  black. 

I  now 
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I  now  come  to  a  very  important  qucftion,  refpecl- 
ing  which  fome  doubts  may  be  entertained*  It  may 
be  aiked,  What  is  the  caufe  of  the  motion  of  vibra- 
tion which  conftitutes  the  colours  of  bodies  ? 

Into  the  difcovery  of  this  indeed  the  whole  is  re- 
iblved ;  for  as  foon  as  the  particles  of  bodies  fhall 
be  put  in  motion,  the  ether  diffufed  through  the  air 
will  immediately  receive  a  fimilar  agitation,  whicli, 
continued  to  our  eyes,  conftitutes  there  that  which 
we  call  rays^  from  which  vifion  proceeds. 

I  remark,  firft,  that  the  particles  of  bodies  are 
not  put  in  motion  by  an  internal,  but  an  external 
power,  juft  as  a  firing  dift ended  would  rem^n  for 
ever  at  reft,  were  it  not  put  in  motion  by  fome  ex- 
ternal force.  Such  is  the  cafe  of  all  bodies  in  the 
dark ;  for,  as  we  fee  them  not,  it  is  a  certain  proof 
that  they  emit  no  rays,  and  that  their  particles  are 
at  reft.  In  other  words,  during  the  night,  bodies 
are  in  the  fame  ftate  with  the  firings  of  an  infiru- 
ment  that  is  not  touched,  and  which  emit  no  found; 
whereas  bodies  rendered  vifible  may  be  compared  to 
firings  which  emit  found. 

And  as  bodies  become  vifible  as  foon  as  they  are 
illuminated,  that  is  as  foon  as  the  rays  of  the  fun,  or 
of  fome  other  luminous  body,  fall  upon  them,  it 
mufi  follovt'*,  that  the  fame  caufe  which  illuminates 
them,  mufi  excite  their  particles  to  generate  rays, 
and  to  produce  in  our  eyes  tlie  fenfation  of  vifion. 
The  rays  of  light,  then,  falling  upon  a  body,  put  its 
particles  into  a  fiate  of  vibration. 

This  appears  at  firfi  furprizing,  becaufe  on  ex- 

pofing 
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pofing  our  hands  to  the  ftrongeft  light,  no  fendble 
impreflion  is  made  on  them.     It  is  to  be  confidcred, 
that  the  fenfe  of  touch  is  in  us  too  grofs  to  perceive 
thcfe  fubtile  and  flight  impreflions,  but  that  the  fenfe 
of  fight,  incomparably  more  delicate,  is  powerfully 
aflected  by  them;   this  furnifhes  an   inconteftable 
proof  that  the  rays  of  light  which  fall  upon  a  body 
poflcfs  fuflicient  force  to  aft  upon  the  minuter  par- 
ticles, and  to  communicate  to  them  a  tremulous  agi« 
tation.     And  in  this  precifely  confifts  the  a6Hon  ne* 
ceflary  to  explain  how  bodies,  when  illuminated,  arc 
put  in  a  condition  themfelves  to  produce  rays,  by 
hieans  of  which  they  become  vifible  to  us.    It  is  fuf* 
ficicnt  that  bodies  fliould  be  lununous  or  expofed  to 
the  light,  in  order  to  the  agitation  of  their  particles, 

« 

and  thereby  to  their  producing  themfelves  rays  which 
render  them  vifible  to  us. 

The  perfc(5t  analogy  between  hearing  and  fight, 
gives  to  this  explanation  the  higheft  degree  of  pro- 
bability.    Let  a  harpfichord  be  expofed  to  a  great 
noife,  and  you  will  fee  that  not  only  the  firings  in 
general  arc  put  into  a  ftate  of  vibration,  but  you  will 
hear  the  found  of  each,  almoft  as  if  it  were  aftually 
touched.     The  mechanifm  of  this  phenomenon  is 
calily  comprehended,  as  foon  as  it  is  known  that  a 
ftrlni^  agitated  is  capable  of  communicating  to  the 
air  the  fame  motion  of  vibration  which,  tranfmitted 
to  the  car,  excites  in  it  the  fcnllition  of  the  found 
which  that  (lime  ftrinix  emits. 

Now  as  a  Uring  produces  in  the  air  fuch  a  motion, 
it  follows,  that  the  air  reciprocally  afts  on  the  firing, 

and 
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auid  gives  it  a  tremulous  motion.  And  as  a  noife  is 
capable  of  putting  in  motion  the  firings  of  a  harp, 
fichord^and  of  extrading  founds  from  them, the  fame 
thii^  muil  take  place  in  the  objects  of  vifion. 

Coloured  bodies  are  iimilar  to  the  firings  of  a 
harpfichord,  and  the  different  colours  to  the  different 
notes,  in  rcfpeft  of  high  and  low.  The  light  which 
£ills  on  thefe  bodies,  being  analogous  to  the  noife  to 
which  the  harpfichord  is  expofed,  acb  on  the  particles 
of  their  furface,  as  that  noife  ads  on  the  firings  of 
the  faarpficfaiord,  and  thefe  particles  thus  put  in  vibra- 
tion^  will  produce  the  rays  which  (hall  render  the 
body  viiible. 

This  elucidation  feems  to  me  fufficient  to  diffipate 
every  doubt  relating  to  my  theory  of  colours.  I 
flatter  myfelf  at  leaft,  that  I  have  efiablifhed  the  true 
prindple  of  all  colours,  as  well  as  explained  how  they 
become  vifible  to  us  only  by  the  light  whereby  bodies 
are  illuminated,  unlefs  fuch  doubts  turn  upon  fome 
other  point  which  T  have  not  touched  upon. 

ipb  Jime,  1761. 

LETTER    XXII. 

T/je  Wonders  of  the  Human  Voice. 

TN  explaining  the  theory  of  founds,  I  confidercd 
•*•  only  two  refpefts  in  which  founds  could  differ : 
the  one  regarded  the  force  of  found,  and  I  remarked 
that  it  is  greater  in  proportion  as  the  vibrations  ex- 
cited in  the  air  are  more  violent.  Thus  the  noife  of 
S  a  difcharge 
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a  difcharge  of  cannon,  or  the  ringing  of  a  beD,  had 
more  force  than  that  of  a  firing,  or  of  the  human 
▼oice« 

The  other  difference  of  founds  is  totally  indepen- 
dent of  this,  and  refers  to  flat  and  £harp,  according 
to  which  we  (ay  fome  are  low  and  others  I^^  My 
remark  relatively  to  this  difference,  made  it  to  de- 
pend on  the  number  of  vibrations  completed  in  a 
certain  given  time,  (ay  a  fecond ;  fo  that  the  greater 
flich  number  is,  the  higher  or  fharper  is  thHbundf  ; 
and  the  imaller  it  is,  the  found  is  lower  or  flatter. 

Tou  can  eaiily  comprehend,  how  the  iame  note 
may  be  dther  firong  or  faint ;  accordin^y  we  lee 
that  the  forti  and  fiano  employed  by  mufidans, 
change  in  no  refpeft  the  nature  of  founds.  Among 
the  gpod  qualities  of  a  harpfichord,  it  is  required  that 
all  the  notes  fhould  have  nearly  the  fame  degree  of 
firength,  and  it  is  always  confidered  as  a  great  fault 
when  fome  of  the  firings  are  wound  up  to  a  greater 
degree  of  force  than  the  reft.  Now  the  flat  and  the 
fliarp  are  referable  only  to  the  fimple  founds,  whofc 
vibrations  follow  regularly,  and  at  equal  intervals ; 
and,  in  mufic,  we  employ  only  thofe  founds  which 
are  denominated  fimple.  Accords  are  compound 
founds,  or  the  concourfe  of  feveral  produced  at  once, 
among  the  vibrations  of  which  a  certain  order  muft 
predominate,  which  is  the  foundation  of  harmony. 
But  when  no  relation  among  the  vibrations  is  per- 
ceptible, it  is  a  confufed  noife,  with  which  it  is  im- 
poffible  to  fay  what  note  of  the  harpfichord  is  in  tune, 
fuch  as  the  report  of  a  cannon  or  muiket. 

There 
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There  is  ftill  another  remarkable  difference  among 
the  (imple  founds^  which  feems  to  have  efcaped  the 
attention  of  philofophers.  Two  founds  may  be  of 
equal  force^  and  in  accord  with  the  fame  note  of 
the  harplichord,  and  yet  very  different  to  the  ear. 
The  found  of  a  flute  is  totally  different  from  that  of 
the  Frcnch*horn,  though  both  may  be  in  tune  with 
the  fiune  note  of  the  harpfichord,  and  equally  ftrong ; 
each  found  derives  a  certain  peculiarity  from  the  in- 
ftrument  which  emits  it,  but  it  is  impoflible  to  de- 
fcribe  wherein  this  confifts ;  the  fiime  firing  too  emits 
different  founds  according  as  it  is  firuck,  touched  or 
pinched.  You  can  eafily  diftinguiih  the  found  of 
the  horn,  the  flute,  and  other  mufical  inftruments. 

The  moft  wonderful  diverfity,  to  fay  notliing  of 
the  variety  of  articulation  in  fpeech,  is  obfervable  in 
the  human  voice,  that  aftonifliing  mafter-piece  of 
the  Creator.  Rcfleft  but  for  a  moment  on  the  dif- 
ferent vowels  which  the  mouth  fimply  pronounces 
or  fings.  When  the  vowel  a  is  pronounced  or  fung, 
the  found  is  quite  different  from  that  of  e^  /,  o^  w,  or 
ai  pronounced  or  fung,  though  on  the  fame  tone. 
We  muft  not,  then,  look  for  the  reafon  of  this  dif- 
ference  in  the  rapidity  or  order  of  the  vibrations  j 
no  inyeftigation  of  philofophers  has  hitherto  un- 
folded this  myftery. 

You  muft  be  perfectly  fcnfible,  that  in  order  to 
utter  thefe  different  vowels,  a  different  conformation 
muft  be  given  to  the  cavity  of  the  mouth,  and  that 
in  man  the  organization  of  this  part  is  much  better 
adapted  to  produce  thefe  effects,  than  that  of  ani- 

VoL.  II.  G  mals. 
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mals.  We  find  accordia^y,  that  certain  birds  which 
learn  to  imitate  the  hamaa  voice,  are  never  capable 
of  diftinftly  pronouncing  the  difierent  vowels  -,  the 
imitation  is,  at  bcft,  extremely  imperfeft* 

In  many  organs  there  is  a  ftop  which  bears  the 
name  of  the  human  voice ;  it  ufually,  however,  coa* 
tains  only  the  notes  which  exprefe  the  vocal  founds. 
at  or  ae.  I  have  no  doubt,  that  with  Home  chai^ 
it  might  be  poffible  to  produce  likewife  the  other 
vocal  founds  a,  e^  i,  ^,  a,  ou ;  but  even  this  would  • 
not  be  fulficient  to  imitate  a  fingleword  of  the  hup 
man  voice;  how  combine  them  with  the  confonants, 
which  are  fo  many  modifications  of  the  vowels  ?  We 
are  fo  conformed,  that,  however  common  the  pnu:« 
tice,  it  is  almoft  impoffiUe  to  trace  and  explain  the 
real  mechanifin. 

We  diftitiftly  oWerve  three  organs  employed  in 
exprcfling  the  confonants,  the  lips,  the  tongue,  and 
the  palate  \  but  the  nofe  likewife  effentially  concurs* 
On  flopping  it,  we  become  incapable  of  pronouncing 
the  letters  m  and  n ;  the  found  of  b  and  d  only  is 
llicn  to  be  heard.  A  ftriking  proof  of  the  marvel- 
lous ftrufture  of  our  mouth  for  the  pronunciation 
of  the  letters  undoubtedly  is,  that  all  the  fkiU  of  man 
has  not  hitherto  been  capable  of  producing  a  piece 
oi  mcchanifm  that  could  imitate  it.  The  fong  has 
bcxn  cxaclly  imitated,  but  without  any  articulation 
of  founds,  and  without  diftinclion  of  the  different 
vowels. 

The  conftruolion  of  a  machine  capable  of  exprefiing 
founds,  with  all  the  articulations,  would  no  doubt  be 

a  very 
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a  very  important  difcovery.  Were  it  poffible  to  exe- 
cute fuch  a  piece  of  mechanifm,  and  bring  it  to  fuch 
perfection,  that  it  could  pronounce  all  words,  by 
means  of  certain  flops,  like  thofe  of  an  organ  or 
harpiichord, every  one  would  be  furprized,  and  juftly, 
to  hear  a  machine  pronounce  whole  difcourfes  or 
iermons  together,  with  the  moft  graceful  accompa- 
niments. Preachers  and  other  orators,  whofe  voice 
is  either  too  weak  or  difagreeable,  might  play  their 
fermons  or  orations  on  fuch  a  machine,  as  organifls 
do  ipieccs  of  muiic  The  thing  does  not  feem  to  me 
impoffible. 

l6tJ^  June,  1761. 


LETTER    XXra. 
A  Summary  of  the  principal  Phenomena  of  Ele&ricity. 

THE  fubjeft  which  I  am  now  going  to  recom- 
mend to  your  attention  almoft  terrifies  me. 
The  variety  it  prefents  is  immenfe,  and  the  enume- 
ration of  fiaicls  ferves  rather  to  confound  than  to  in- 
form. The  fubject  I  mean  is  Eleftricity,  which,  for 
fome  time  paft,  has  become  an  objeft  of  fuch  im- 
portance in  phyfics,  that  every  one  is  fuppofed  to  be 
acquainted  with  its  effects. 

You  muft  undoubtedly  have  frequently  heard  it 
mentioned  in  converfation ;  but  I  know  not  whe- 
ther you  have  ever  witnefTed  any  of  the  experiments. 
Natural  philoibphers  of  modern  times  profecute  the 
fiudy  of  it  with  ardour,  and  are  almoft  every  day 

G  2  -^        difcovcring 


84  SUMIIARlr  OF   THB    PRINCIPAL 

difcovering  new  phenomeDa,  the  de&ription  of  which 
would  employ  many  hundreds  of  letters ;  nay,  per* 
haps,  I  fhould  never  have  done« 

And  here  it  is  I  am  embarrafled.  1  could  not 
bear  to  think  of  letting  you  remain  unacquainted 
with  a  branch  of  natural  philofoi^y  fo  efiendal ;  but 
I  would  willingly  £ive  you  the  fisitigue  of  wading 
through  a  difiufe  detail  of  the  phenomena,  widdt^ 
after  all,  would  not  fumxfh  the  neceflary  information^ 
I  flatter  myfelf,  howcf^itr,  that  I  have  cUlcovered  a 
road  which  will  'lead  fo  direSly  to  the  objeA,  that 
you  (hall  attain  a  knowledge  of  it  much  more  per* 
fed  than  that  of  moft  natural  philofophers,  who  de- 
vote night  and  day  to  the  inveftigation  of  thefe  myf- 
teries  of  nature. 

Without  flopping  to  expbdn  the  various  appear- 
ances and  effe6b  of  defhridty,  which  would  engage 
me  in  a  long  and  tedious  detaQ,  without  extendmg 
your  knowledge  of  the  caufes  which  produce  thefe 
effeds,  I  fliall  purfue  quite  a  diflferent  courfe,  and 
begin  with  unfolding  the  true  principle  of  nature  on 
which  all  thefe  phenomena  are  founded,  however 
various  they  may  appear,  and  from  which  they  are 
all  eafily  dedudble. 

It  is  fufficient  to  remark,  in  general,  that  dedri- 
city  is  excited  by  the  fridtion  of  a  glafs  tube.  It 
thereby  becomes  eleftrical :  and  then  it  altematdy 
attrads  and  repels  light  bodies  which  are  applied  to 
it,  and  on  the  application  of  other  bodies,  fparks  of 
fire  are  mutually  extraded,  which,  increafed  in 
ftrengtb,  kindle  fpirits  of  wine  and  other  combuftible 
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fubftances.  On  touching  fuch  tube  with  the  finger, 
you  feel,  befide  the  fpark,  a  punchirc  which  may, 
in  certain  drcumftances,  be  rendered  fo  acute  as  to 
produce  a  commotion  through  the  whole  body. 

Inftead  of  a  tube  of  glafs,  we  likewife  employ  a 
^obe  of  the  fame,  which  is  made  to  turn  round  an 
axis,  like  a  turning-wheel.  During  this  motion  it 
is  rubbed  with  the  hand,  or  with  a  cufhion  applied 
to  it ;  then  the  globe  becomes  electric,  and  produces 
the  fame  phenomena  as  the  tube* 

Befides  glafs,  reiinous  bodies,  fuch  as  Spanifli  wax 
and  fulphur,  likewife  pofiefs  the  property  of  becom- 
ing deAric  by  friction ;  but  certain  fpecies  of  bodies 
only  have  this  quality,  of  which  glafs,  fealing-wax, 
and  fulphur,  are  the  principal. 

With  no  cflfeft  do  other  bodies  undergo  friction ; 
no  fign  of  electricity  appears :  but  on  applying  them 
to  the  firft,  when  rendered  electric,  they  immediately 
acquire'  the  fame  property.  ITiey  become  electric, 
then,  by  communication,  as  the  touch,  and  frequently 
the  approximation  only,  of  dedric  bodies,  renders 
them  fuch. 

All  bodies,  therefore,  are  divifible  into  two  claiTes; 
in  the  one  are  included  fuch  as  become  eleAric  by 
fridion,  in  the  other  thofe  which  are  rendered  fuf  h 
by  communication,  whereas  friftion  produces  no 
manner  qf  effect  on  them.  It  is  very  rejnarkablc, 
that  bodies  of  the  firft  clafs  receive  no  deftricity  from 
communication :  when  you  apply  to  a  tube  or  globe 
of  glafs  ftrongly  dedtrified,  other  glaflbs,  or  bodies, 
which  friction  renders  electric,  this  touch  conunu* 
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nicates  no  eledricity  to  them.  The  diftinftion  ci 
thefe  two  clafies  of  bodies  is  worthy  of  attention » 
the  one  clafs  being  difpofed  to  become  de^hical  by 
fridion  only,  and  not  by  communication,  the  other, 
on  the  contrary,  only  by  communication. 

AH  metals  belong  to  this  laft  dais,and  the  commu- 
nication extends  fo  far,  that  on  prefenting  one  extre- 
mity of  a  wire  to  an  dechic  body,  the  other  ex- 
tremity becomes  fo  likewife,  be  the  wire  ever  fo 
long ;  and  on  applying  ftill  another  wire  to  the  far- 
ther extremity  of  the  firft,  the  deftricity  is  conveyed 
through  the  whole  extent  of  that  fecond  thread,  and 
thus  electricity  may  be  tranfinitted  to  the  moft  re- 
mote diftances. 

Water  is  a  fubftjincc  which  receives  dcAricity  by 
communication.  Large  pools  have  been  elcftrified' 
to  fuch  a  degree,  that  an  application  of  the  finger 
has  elidted  fparks,  and  excited  pain. 

The  prevailing  perfuafion  now  is,  that  lightning 
and  thunder  are  the  eflfecl  of  the  dedridty  whidi 
the  clouds  acquire,  from  whatever  caufe.  A  thxm- 
der  ftorm  exhibits  the  fame  phenomena  of  eleftridty, 
on  the  great  fcalc,  which  the  experiments  of  natural 
philofophers  do  in  miniature. 
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LETTER    XXIV. 

Tbi  true  Principle  of  Nature^  on  which  are  founded  all 

the  Phenomena  of  Electricity. 

THE  iummary  I  have  exhibited  of  the  principal 
phenomena  of  eledrlcity,  has  no  doubt  excited 
a  curiofity  to  know  what  occult  powers  of  nature 
are  capsdde  of  producing  efiecU  fo  furprizing. 

The  greatefi  part  of  natural  philofophers  acknow- 
ledge their  ignorance  in  this  relpe^l.  They  appear 
to  be  ib  dazzled  by  the  endlefs  variety  of  phenomena 
wiiich  every  day  prefent  themfelvcs,  and  by  the  fin- 
gidariy  marvellous  circumfiances  which  accompany 
theiie  phenomena,  that  they  are  difcouraged  from 
attempting  an  inveftigation  of  the  true  caufc  of  them. 
They  readily  admit  the  exiftence  of  a  fubtile  matter^ 
which  is  the  primary  agent  in  the  produdion  of  the 
phoncKSieBa,  and  which  they  denominate  the  ele(6lric 
fluid ;  ^ut  they  are  fo  embarraiTed  about  determin- 
11^  its  nature  and  properties,  that  this  important 
hranch  of  phyfics  is  rendered  only  more  perplexed 
by  tfaeir  xefearches. 

There  is  no  room  to  doubt,  that  we  muft  look 
for  the  iburce  of  ^dl  the  phenomena  of  electricity 
only  in  a  certain  fluid  and  fubtile  matter ;  but  we 
Jiave  n<2  need  to  go  to  the  regions  of  imagination  in 
qucA  of  it..  That  fubtile  matter  denominated  etbery 
•whofc  reality  I  have  already  endeavoured  to  dcmon- 
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ftratC)*  is  fuflSident  very  naturally  to  explain  all  the 
.  furprizing  efieds  which  eledridty  prelents.  I  hope 
I  fhall  be  able  to  fet  this  in  ib  dear  a  light,  that  you 
{ball  be  able  to  account  for^  every  dedrical  pheno- 
menon, however  ftrange  an  appearance  it  may  at 
fume. 

The  great  requifite  is  to  have  a  thorough  know«r 
ledge  of  the  nature  of  ether.  The  air  which  :we 
breathe  rifes  only  to -a  certain  hdght  above  the*fiir* 
.  hce  of  the  earth  j  the  higher  you  aicend,  the  more 
fubtile  it  becomes,  and  at  laft  it  entirdy  ceaies.  We 
muft,  not  aflSun),  that  beyond  the  r^on  of  the  air 
there  is  a  perfed  vacuum,  which  occupies  the  im- 
menfe  ipace  in  which  the  heavenly  bodies  revolve. 
The  rays  of  light  which  are  difiufed  in  all  diredions 
from  thefe  heavenly  bodies,  fufficiently  demonftnite 
that  thofe  vail  fpaces  are  filled  with  a  fubtile  matter. 

If  the  rays  of  light  are  emanations  forcibly  pro- 
jeclcd  from  luminous  bodies,  as  fome  philofophers 
have  maintained,  it  muft  follow,  that  the  whole  fpace 
of  the  heavens  is  filled  with  thefe  rays,  nay  that  they 
move  .  through  it  with  incredible  rapidity.  You 
have  only  to  recoiled  the  prodigious  vdodty  with 
which  the  rays  of  the  fun  are  tranfmitted  to  us.  On 
this  hypothefis,  not  only  would  there  be  no  vacuum, 
but  all  fpace  would  be  filled  with  a  fubtile  matter, 
and  that  in  a  fiate  of  confiant  and  moil  dreadful 
agitation. 

But  I  think  I  have  dearly  proved,  that  rays  of 
light  are  no  more  emanations  projected  fronii  lumi- 
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nous  bodies,  than  found  is  from  fonorous  bodies.  It 
is  much  more  certain,  that  rays  of  light  are  nothing 
die  but  a  tremtdous  motion  or  agitation  of  a  fubtile 
matter,  juft  as  found  confifts  of  a  fimilar  agitation 
excited  in  the  air.  And  as  found  is  produced  and 
Cranfinitted  by  the  air,  light  is  produced  and  trans- 
mitted by  that  matter,  incomparably  more  fubtile, 
denominated  ether,  which  confequently  fills  the  im- 
menfe  fpace  between  the  heavenly  bodies. 

Ether  then  is  a  medium  proper  for  the  tranfmiA 
fion  of  rays  of  light,  and  this  fame  quality  puts  us  in 
a  condition  to  extend  our  knowledge  of  its  nature 
and  properties.  We  have  only  to  refleft  on  the 
properties  of  air,  which  render  it  adapted  to  the  re- 
ception and '  tranfmiiHon  of  found.  The  principal 
caufe  is  its  elafiicity  or  fpring.  You  know  that  air 
has  a  power  of  expanding  itfelf  in  all  diredions,  and 
that  it  does  expand,  the  inftant  that  obftacles  are  re- 
moved. The  air  is  never  at  reft,  but  when  its  elaf- 
ticity  is  every  where  the  fame ;  whenever  it  is  greater 
in  one  place  than  another,  the  air  immediately  ex- 
pands. We  likewife  difcover  by  experiment,  that 
the  more  the  air  is  compreffcd,  the  more  its  elafU- 
dty  increafcs :  hence  tlie  force  of  air-guns,  in  which 
the  air,  being  very  ftrongly  couiprelfed,  is  capable 
of  difcharging  the  ball  with  aftoniihing  velocity.  The 
contrary  takes  place  when  the  air  is  rarefied:  its 
elaftidty  becomes  lefs  in  proportion  as  it  is  more  ra^ 
refied,  or  difFufcd  over  a  larger  fpace. 

On  the  daftidty  of  the  air,  then,  rdative  to  its 
denfity,  depends  the  vdocity  of  found,  which  makes 
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a  progrefi  t9£  abput  looo  feet  u  a  fecond.  If  tiir 
daflicity  cf  the  air  were  inaieafed«  its  deafity  ne- 
SDaining  the  fimie,  the  vcfecity  ef  femd  woidd  tDr 
creaie :  and  the  fame  thing  would  take  place  if  the 
air  were  more  rare,  or  le&  denie  than  it  ifi»  Ito  cb£ 
Ikity  betag  the  fame.  In  general^  the  more  that 
any  medium,  fimilar  to  air,  is  dafiac,  2md  at  the 
i^e  time  leisdeaie,  the  more  Tzpidiy  wiU  the  9gfl^ 
tions  excited  in  it  be  traniinitted.  And  as  lii|iht  k 
tranfinitted  to  many  thouiand  times  «ore  njpkUy 
than  foiind,  it  -mufl;  clearly  follow,  that  ihe  ethcr^ 
that  mediam  whcdie  agitatioas  c^dlitute  iiigiht,  if 
many  thoii£uid  times  more  elaftic  than  air^  aad,  at 
the  £yne  time,  many  thoufand  times  more  race^w 
oiuMre  fubtile,  both  of  thefe  qualities  contributiiig  to 
aocd^te  the  propagation  of  light. 

Such  is  the  reaibn  which  leads  to  conclude,  that 
ether  is  many  thoufand  times  more  elaftic  aad  moi^ 
fubtile  than  air ;  its  nature  being  in  other  rdpeOa 
funilar  to  that  of  air,  in  as  much  as  it  is  likewife  a 
fluid  matter,  and  fufceptible  of  compr^ffion  <jmd  of 
rarefajdILon.  It  is  this  quality  which  w31  coaduft 
us  to  the  cKfdanation  of  all  the  phenomena  of  elec^ 
tricity. 
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LETTER    XXV, 

Confinuatian.    Different  Nature  of  Bodies  relatively  to 

Ele^ricity. 

ETHEK.  bong  a  fubtile  matter,  and  fimiiar  to 
'  air,  bat  many  thoufand  times  more  rare  and 
more  eiiefiic,  it  cannot  be  at  reft,  unlefs  its  elafticity, 
or  the  force  ^mxh  which  it  tends  to  expand,  be  the 
fiiDe  every  where. 

As  ibon  as  the  ether  in  one  place  fhadl  be  more 
dafdc  than  in  another,  idiich  is  the  cafe  when  it  is 
more  comprefled  there,  it  will  expand  itfelf  into  the 
paxts  adjacent,  comprefling  what  it  finds  there,  til 
the  whole  is  reduced  to  the  fame  degree  of  dafticity. 
i(  is  then  in  equilibrio ;  the  equilibrium  being  no- 
thing eUe  but  the  ftate  of  reft,  when  the  powers 
which  have  a  tendency  to  difturb  it  counterbalance 
each  other. 

When  therefore  the  ether  is  not  in  equiKbrio,  the 
iame  thmg  muft  take  jJace  as  in  air,  when  its  equi- 
librium is  difturbed ;  it  muft  expand  itfelf  from  the 
pbce  where  its  elafticity  is  greater,  toward  that  where 
it  is  leis ;  but  confidering  its  greater  elafticity  and 
fiibcilty,  this  motion  muft  be  much  more  rapid  than 
that  of  air.  The  want  of  equilibrium  in  the  air 
produces  wind,  or  the  motion  of  that  fimd  fron\ 
mie  place  to  another.  There  muft  therefore  be  pro- 
duced a  fpedes  of  wind,  but  incomparably  more 
filbtile,  than  that  of  air,  when  the  equilibjium  of  the 
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ether  Is  dilhirbed,  by  which  this  laft  fluid  will  pais 
from  places  where  it  was  more  comprefled  and  more 
elailic,  to  thofe  where  it  was  lefs  fo. 

This  being  l^d  down,  I  with  confidence  affirm, 
that  all  the  phenomena  of  eledricity  are  a  natural 
confequence  of  want  of  equilibrium  in  the  ether,  fo 
that  wherever  the  equilibrium  of  the  ether  is  dif- 
turbed,  the  phenomena  of  eledricity  muft  take  j^ce ; 
ccHifequently,  eledricity  is  nothing  elfe  but  a  de- 
rangement of  the  equilibrium  of  the  ether. 

In  order  to  unfold  all  the  effefts  of  eleAridty,  we 
mufi  attend  to  the  manner  in  which  ether  is  blended 
and  inveloped  with  all  the  bodies  which  furround  us. 
Ether,  in  thefe  lower  regions,  is  to  be  found  only  in 
the  fhiall  interftices  which  the  particles  of  the  air  and 
of  other  bodies  leave  unoccupied.  Nothing  can  be 
more  natural  than  that  the  ether,  from  its  extreme 
fubtilty  and  dafticity,  fhould  infinuate  itfdf  into  the 
fmalleft  pores  of  bodies,  which  are  impervious  to  air, 
and  even  into  thofe  of  the  air  itfelf.  You  will  re* 
collect  that  all  bodies,  however  folid  they  may  ap- 
pear, are  full  of  pores ;  and  many  e?:periments  in- 
conteftibly  demonftrate,  that  thefe  interftices  occupy 
much  more  fpace  than  the  folid  parts  j  finally,  the 
Icfs  ponderous  a  body  is,  the  more  it  muft  be  filled 
with  thefe  pores,  which  contain  ether  only.  It  is 
clear,  therefore,  that,  though  the  ether  be  thus  dif- 
fufed  through  the  fmalleft  pores  of  bodies,  it  muft 
however  be  found  in  very  great  abundance  in  the 
vicinity  of  the  earth. 

You  will  eafily  comprehend,  that  the  difference 
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of  thcfe  pores  muft  be  very  great,  both  as  to  mag- 
nitude and  figure,  according  to  the  different  nature 
of  the  bodies,  as  their  diverHty  probably  depends  on 
the  diverfity  of  thdr  pores.  There  muft  be,  there- 
fore, undoubtedly,  pores  more  dofe,  and  which  have 
lets  communication  with  others ;  fo  that  the  ether 
«4iich  they  contain  is  likewife  more  confined,  and 
cannot  difengage  itfelf  but  with  great  difficulty, 
though  its  elafticity  may  be  much  greater  than  that 
of  the  ether  which  is  lodged  in  the  ;idjoining  pores. 
There  muft  be,  on  the  contrary,  pores  abundantly 
open,  and  of  eafy  communication  with  the  adjacent 
pores ;  in  this  cafe  it  is  evident,  that  the  ether  lodged 
in  them  can  with  lels  difficulty  difcngage  itfelf  than 
in  the  preceding ;  and  if  it  is  more  or  Icfs  elaftic  in 
thefe  than  in  the  others,  it  will  foon  recover  its  equi- 
librium. 

In  order  to  diftinguifh  thefc  two  claffcs  of  pores, 
I  fhall  denominate  the  firft  clafe,  and  the  oihcrs  open. 
Moft  bodies  muft  contain  pores  of  an  intermediate 
fpecies,  which  it  will  be  fufficicnt  to  diflinguilh  by 
the  terms  more  or  lefs  dofe,  and  mure  or  kfs  open. 

This  being  laid  down,  I  remark,  iirft,  that  if  all 
bodies  had  pores  perfectly  clofc,  it  would  be  impofl 
fible  to  change  the  elafticity  of  the  air  contdnctl  in 
them  ;  and  even  though  tlie  ether  in  funic  of  tlicic 
pores  fhould  have  acquired,  from  whatever  caufc,  a 
higher  degree  of  elafticity  tisan  tlic  others,  it  would 
always  remain  in  that  ftatc,  and  never  recover  its 
equilibrium,  from  a  total  want  of  conmiunication. 
In  this  cafe,  no  change  c<;uld  take  place  in  bodies ; 

aU 
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sffl  irottld  rem^  ta  the  &mc  fiade  as  if  the  ether 
veie  in  eqoifibrics  ai^  no  pheiu)imeiioa  o 
could  be  produced. 

liiis  would  likewiie  be  the  cafe  if  the  pores  of 
all  bodies  were  peifsdly  open  t  for  tben^  though  the 
ether  might  be  more  at  k&  dxB&c  in  fimic  poares 
than  in'  t)thers»  the  equilibrium  would  be  inflanttjr 
reftored,  from  the  entire  freedom  of  conmninicttii^ 
and  that  to  nqpidly,  that  we  fliould  not  be  in  a  con* 
dition  to  remark  the  flightcft  changCi  For  the  £ane 
reaibn,  it  would  be  impoi&Ue  to  difturb  the  equili<^ 
bnum  of  the  ether  contained  in  fuch  pores;  as  often 
as  the  equilil»rium  might  be  dtfturhed»  it  would  be 
9S  inflantaneoufly  reftorcd»  and  no  Sga  of  elci£fac£dty 
would  be  diicoveraUe. 

Hie  pores  of  all  bodies  bdng  ndther  pcrfefify  dole 
nor  perfeffly  open,  it  will  always  be  poffible  to  cB& 
turb  the  equilibrium  of  the  ether  which  they  con- 
tain :  and  when  this  happens,  from  whatever  caulet 
the  equilibrium  cannot  fail  to  re-eftablifh  itfidf :  but 
this  re-efiablifhment  will  require  fome  time,  and  this 
produces  certain  phenomena :  and  you  will  prefimtly 
iee,  much  to  your  iatisfa^on,  that  they  are  pre- 
diely  the  fame  which  dechrical  experiments  have  dif- 
covered.  It  will  then  appear,  that  the  principles  on 
which  I  am  going  to  eftabliih  the  theory  of  eleftri- 
dty  are  extremely  fimple,  and  at  the  fiune  time  ab- 
folutdy  incontrovertible. 
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LETTER    XXVI. 
On  the /ante  Subjeil. 

I  HOPE  I  have  now  furmounted  the  mofl:  formi-i 
dable  difficulties  which  prefent  themielves  in  the 
theory  of  cdedhicity*  You  have  only  to  preferve  the 
idea  oi  ether,  which  I  have  been  explaining ;  and 
whicb  is  that  extremely  &btile  and  elaftic  matter 
diffii&d  not.  only  througli  all  the  void  fpaces  of  the 
uaiverfe,  but  through  the  minuteft  pores  of  all  bodies, 
in  which  it  is  fometimes  more  and  fomctimes  leis  en- 
ga^^ed^  according  as  they  are  more  or  Icis  clofc.  This 
coi^Gderation  conduds  us  to  two  principal  fpcdes  of 
bodies,  of  which  the  one  has  poros  more  clofe,  and 
the  ether  pores  more  open. 

Shcmld  it  happen,  therefore,  that  the  ether  con- 
taiaed  in  the  pores  of  bodies,  has  not  throughout  the 
iiune  d^ee  of  clalHcity,  and  tliat  it  is  more  or  lefs 
co^prefled  in  ibnie  than  in  others,  it  will  make  an 
effort  to  recover  its  equilibrium ;  and  it  is  precifely 
from  this  that  the  phenomena  of  eleclricity  take  their 
rile^  which,  of  coniequence,  will  be  varied,  in  pro- 
portion as  the  pores  in  which  the  ether  is  lodged  are 
various,  and  grant  it  a  communication  more  or  lefs 
.  free  with  the  others. 

This  difference  in  the  pores  of  bodies  perfeftly  cor- 
refponds  to  that  which  the  firft  phenomena  of  elec- 
tricity have  made  usv  to  remark  in  them,  by  which 
fome  ealily  become  electrical  by  communication,  or 
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the  praziimty  of  to  deftrical  body,  whereas  othAi 
(carcdy  undergo  any  change.  Hence  you  wiU.  im« 
mediately  in£ef,  that  bckfies  yUrhiih,  fecdve  eledridty 
fo  eafily,  by  communication  alonei  are  thofe  who& 
pores  are  open ;  and  that  the  others  which  are  almoft 
InfeniSble  to  deftridty,  nraft  have  theirs  doECf  dther 
entirdy  or  to  a  very  great  degree. 

It  IS)  then,  by  the  phenomena  of  dedikity  them-i 
lelves,  that  we  are  enabled  to  conchlde  what  are  the 
bodies  whole  pores  are  dole  or  open«  Rdlpefting 
which  permit  me  tofnggefl:  the  following  duddations; 
.  Blrft,  the  air  which  we  breathe  has  its  pores  alifioft 
entirdy  dole ;  fb  that  the  ether  which  it  ,contains» 
cannot  difengage  itfdf  but  with  difficulty,  and  nraft 
find  equal  difficulty  in  attempting  to  penetrate  into 
it.  Thus,  though  the  ether  dffiiied  through  the  air 
is  not  in  equilibrio  ^th  that  which  is  contsdned  in 
other  bodies,  where  it  is  more  or  lefs  compreffisd,  the 
re-eftabliihment  of  its  equilibrium  is  not  to  be  pro- 
duced without  extreme  difficulty ;  this  is  to  be  un« 
derftood  of  dry  air,  humidity  being  of  a  different  na-^ 
ture,  as  I  Ihall  prefently  remark. 

Farther,  we  muft  rank  in  this  dais  of  bodies,  with 
dofe  pores,  gla/sj  pitch,  refinous  bodies ^  f eating  wax^ 
fulphur,  and  particularly  JUL  Thcfe  fubftances  have 
their  pores  fo  very  dofe,  that  it  is  with  extreme  dif- 
ficulty the  ether  can  either  efcape  from,  or  penetrate 
into,  them. 

Thd'  other  clafs,  that  of  bodies  whofe  pores  are 
open,  cont^ns,  firft,  water  and  other  liquors,  whole 
nature  is  totally  different  from  that  of  air.    For  this 
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reafbn  when  air  becomes  humid,  it  totally  changes  its 
niture  with  refpe&  to  eleftridty,  and  the  ether  can 
enter  or  efcape  without  almoft  any  difficulty.  To 
this  dais  of  bodies,  with  open  pores,  likewife  muft  be 
referred  thofe  of  animals,  and  all  metals. 

Other  bodies,  fuch  as  wood,  feveral  forts  of  ftones 
and  earths,  occupy  an  intermediate  ftate  between  the 
two  principal  fpecies  which  I  have  jufl  mentioned, 
and  the  ether  is  capable  of  entering  or  efcaping  with 
more  or  lefs  £sLcility,  according  to  the  nature  of  each 
impedes. 

After  thefe  elucidations  on  the  different  nature  of 
bodies,  with  refpeft  to  the  ether  which  they  contain, 
you  will  fee  with  much  fatisfadion,  how  all  the  phe- 
nomena of  dedbridty,  which  have  been  conddered  as 
to  many  prodigies,  flow  very  naturally  from  them. 

All  depends,  then,  on  the  ftate  of  the  ether,  dif- 
ia&d  or  difperfed  through  the  pores  of  all  bodies,  in 
as  far  as  it  has  not  throughout  the  fame  degree  of 
daftidty,  or  as  it  is  more  or  lefs  compreiTed  in  fome 
than  in  others ;  for  the  ether  not  bdng  then  in  equi- 
librio,  will  make  an  effort  to  recover  it.  It  will  en- 
deavour to  difengage  itfelf  as  far  as  the  openneis  of 
the  pores  will  permit,  from  places  where  it  is  too 
much  comprefled,  to  expand  itfelf  and  enter  into 
pores  where  there  is  left  compreffion,  till  it  is  through* 
oat  reduced  to  the  £ime  degree  of  compreffion  and 
dafticity,  andisy  of  confequence,  in  equilibrio. 

Let  it  be  remarked,  that  when  the  ether  pafleS 
from  a  body  where  it  was  too  much  compreiTed,  into 
another  where  it  is  Ids  fo,  it  meets  with  great  ob- 
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Hades  in  the  aur  which  (epantes  the  two  bodies,  on 
account  of  the  pores  of  this  flmd,  which  are  ahnoft 
entirely  dofe.  It  however  paflies  through  the  air,  as 
a  liquid  and  eztremdy  fubtUe  matter,,  provided  its 
force'  is  not  inferior,  or  the  interval  between  the 
bodies  too  great.  Now  this  paflkge  of  the  ether  bdng 
very  much  impeded,  and  almoin  entirdy  prevented 
by  the  pores  of  the  air,  the  fame  thing  wiU  happen 
jto  it,  as '  to  air  forced  with  vdodty  through  fmaH 
apertures,  a  hiffing  found  is  heard,  which  proves  that 
this  fluid  is  thcA  put  into  an  agitation  which  produces 
fuch  found. 

.  It  is,  therefore,  extremdy  natural,  that  the  ether; 
.forced  to  penetrate  through  the  pores  of  .the.air, 
fiiould  likewife  receive  a  fpedes  of  agitation.  •  Tou 
wjUl  pleaie  to  recoUedt,  that  as  agitation  of  the  air 
produces  found,  a  fimilar  a^tation  of  ether  produces 
light.  As  often,  then,  a6  ether  eifcapes  from  one 
body,  to  enter  into  another,  its  paflage  through  the 
air  muft  be  accompanied  with  light ;  which  ajppears 
fometimes  under  the  form  of  a  fpark,fometimes  under 
that  of  a  flaih  of  lightning,  according  as  its  quantity 
is  more  or  leis  confiderable. 

Here,  then,  is  the  moil  remarkable  drcumftance 

r 

which  accompanies  moft  de^trical  phenomena,  ex« 
plained  to  a  demonfbration,  on  the  principles  I  have 
laid  down.  I  Ihall  now  enter  into  a  more  particular 
detail,  which  will  furnifh  me  with  a  very  agreeablo 
fubjed  for  feme  following  letters. 

^othjune^  1761. 
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LETTER  XXVn. 

Of  pojitive  and  negative  Ele^Hcity.     Explanation  of  the 

Phenomenon  of  Attra£lion. 

YOU  will  eafily  comprehend  from  what  I  have 
above  advanced,  that  a  body  mtift  become  elec- 
trical,  whenever  the  ether  contained  in  its  pores  be- 
comes  more  or  lefs  elaftic  than  that  which  is  lodged 
in  adjacent  bodies.  This  takes  place  when  a  greater 
quantity  of  ether  is  introduced  into  the  pores  of 
fuch  body,  or  when  part  of  the  ether  which  it  con- 
tained is  forced  out.  In  the  former  cafe,  the  ether 
becomes  more  compreffed,  and  confequently  more 
elaftic ;  in  the  other,  it  becomes  rarer,  and  lofes  its 
daftidty.  In  both  cafes,  it  is  no  longer  in  equilibrio 
^th  that  which  is  external ;  and  the  efforts  which 
it  makes  to  recover  its  equilibrium,  produce  all  the 
phenomena  of  dedricity. 

You  fee  then  that  a  body  may  become  eleftric  in 
two  different  ways,  according  as  the  ether  contained 
in  its  pores  becomes  more  or  lefs  elaftic  than  that 
which  is  external ;  hence  refult  two  fpecies  of  elec- 
tridty:  the  one,  by  which  the  ether  is  rendered 
more  daftic,  or  more  compreffed,  is  denominated  />z« 
creafed  or  pojitive  ele^Hcity;  the  other,  in  which  the 
ether  is  lefs  elaftic,  or  more  rarefied,  is  denominated 
diminijhed  or  negative  eleSlridty.  The  phenomena  of 
both  are  nearly  the  fame ;  a  flight  difference  only  is 
obfervable,  which  I  ihall  mention. 

Ha  Bodk^ 
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greater  diameter  of  the  tube,  as  from  the  very  nature 

of  glafc. 

Experiments  give  us  reafon  to  coodude,  that  the 
tube  of  gUfs  becomes,  by  thefe  means,  furcharged 
with  ether,  whereas  fealmg-was  is  exhauftcd  of  it » 
the  phenomena  hoM-ever  are  nearly  the  fame. 

It  muft  be  obfervcd,  that  the  glafs  tube  retains  its 
elcftricity  as  long  as  it  is  fiirrounded  only  with  air, 
becaufe  the  pores  of  the  glafs  and  thofe  of  the  air, 

liM/iool*  than  in  its  natitriliacct  ^i^aAufay  «f < 
«aKi^ah*9W.i»ci»&«jdaflidi7,,  Biit*c«r*pft) 
lie.  very  dnF>  fet  ionly  wbett  fid  ^Utt0ate.«m  iti.-ptnic 

\li90«<V!,.<s|tni|MaC8  <k>  not  faocBcdi  wtatinw  Jew. 
greefMf&idJonyoubeftowtmthe^^  Tb  nafim 
isobyiousi  fwirater^wkichTeiulen  tfasair  httaud* 
liavf og  ita  pores  very  qpen,  reeeira  e««ry  infiaitt- 
tbe  fuperftuoQs  .«tfaer  whidi  wk  in  die  ^bifti  aad' 
vfaich  of  courfe  reftiuiw  V>  >**  mtund  fiatck  Exfie-- 
idinentB- facmed*  th«i^-in  anlyvery  dryair^Jet  tt- 
oow  fee  ivhat  ^nomeM  a  g)a&  tube  -wffl,  in  tlut^ 
cafe,  produce,  {"ptate  Ii-j%'  aS*J  after  laaving  imdah: 
gone  confidoraMe  friAiom 

-  It  is  cktr^tbac  on  frefentii^  bi it  a  iinaU  H^ 
body  C  with  open  pores,  fach  as  goli Jeaf*  the  ether : 
in  the  tube  more  el^c  at  the  neareft  parts  D,  £,' 
wiU  not  make  in^edu^  e&rta  to  difcharge  itfitf 
and  pafs  into  the  pores  of  the  bculy  C.  It  will  forc» 
a  path  thrwgfa  the  airj  provided  the  diflance  be  not 

too 
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laob  great;  and  you  win  even  fee  afi^t  between  the 
tnfae  and  the  body  oocafioned  by  the  agitation  ex- 
cited in  the  ether,  which  pafles  with  difficulty  from 
the  tube  into  the  body.  When,  inftead  of  the  body 
C9  the  finger  is  applied  to  it,  you  fed  a  pricking  oc*' 
cafioned  by  the  rapid  entrance  of  the  ether ;  and  if 
you  expoiie  your  face  to  it  at  fome  diftance,  you  fed 
a  certain  agitation  in  the  3dr,  excited  by  the  tranfition 
of  the  ether.  Thefe  circumfiances  are  likewife  ao 
cckmpanied^  fometimes,  with  a  (light  cracking,  pro«- 
duced  undoubtedly  by  the  agitation  of  the  air  which 
the  ether  traverfes  with  fuch  rapidity. 

I  muft  entreat  you  to  keep  in  mind,  that  an  agi-' 
tation  in  the  air  always  produces  a  found,  and  that 
the  motion  of  ether  produces  light ;  and  then  the 
explanation  of  thefe  phenomena  will  become  abun- 
dantly eafy. 

Let  the  finall  light  body  C,  be  replaced  in  the  vi- 
cinity of  our  defbric  tube ;  as  long  as  the  ether  is 
cfcaping  from  the  tube,  to  enter  into  the  pores  of  the 
body  C,  the  air  will  be  in  part  expelled  from  it,  and 
confequently  will  not  prefs  fo  flrongly  on  the  body 
on  that  fide,  as  in  every  other  diredion ;  it  will  hap« 
pen,  then,  as  in  the  preceding  cafe,  that  the  body  C 
will  be  impelled  toward  the  tube,  and,  being  light, 
will  come  clofe  up  to  it.  We  fee,  then,  that  this  ap« 
parent  attradion  equally  takes  place,  whether  the 
ether  in  the  tube  be  too  much  or  too  little  elaflic ; 
or,  whether  the  elafticity  of  the  tube  be  pofitive  or 
negative.  In  both  cafes,  the  paflage  of  the  ether  ftopt 
the  air,  and  by  its  preffure  hinders  it  from  aAing. 

But 
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But^while:^:  jMl  liofif  :C  »  aj^roachiBg  t!ie 
tube,  the  (oflage  of  thfc  ether  becoincB  ftraDger,  ami 
the  body  C  wiU  fobn  bo  sui  much  fuixhailged  1^ 
w  the  tube  iticlf.  I  Then  the  aftion:  of  the ''ether, 
which  ariles  fr<>m.  its  .chfticity  onfyy  ehtirdy'  ceaies,' 
ind  the  body  C'will  fufiain  on  aH  fides  an  equal 
preffure*  The  attradion  will  ceafe,  and  the  body  C 
will  remove  from  the  tube,  as  nothing'decuns  itj  and 
its  own  gravity  puts  it  in  motion.  Now  as  fooif  as 
it  removes,  its  pores  being  open,  its  fuperfluons  ether 
prelently  eftapes  in  the  air,  and  it  returns  to  its  na- 
tural ftate.  The  body  will  then  ad  as  at  the  begin* 
ning,  and  you  will  fee' it  again  approach  the  tube^ib 
that  it  will  appear  alternately  attradsd  and  repefled* 
by  it ;  and  this  play  will  go  on  till  the  tube  hat  loft 
its  eledfaridty.  For  as^  on  ev^  aitradion,  it  di£> 
charges  feme  portion  of  its  fuperfluotis  ether,  befides 
the  infenfible  efcape  of  part  of  it  in  the  air,  the  tube 
will  foon  be  re-eftablifhed  in  its  natural  fiate,  and  in 
its  equilibrium ;  and  this  fo  much  the  more  fpeedily 
^  the  tube  (hall  be  fmall,  and  the  body  C  light :  then 
all  the  phenomena  of  elcdricity  will  ceafq, 
ythjuijff  1761. 
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LETTER  XXIX. 
On  the  eleSfric  Atmofphere. 

I  HAD  almoft  forgot  to  bring  forward  a  moft  et 
fenlial  circumflance,  which  accompanies  all  elec- 
tric bodies,  whether  pofifively  or  negatively  fuch,  and 
,  which 
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mhidk  fuppUes  fome  very  ftriking  elucidations  for 
explaining  the  phenomena  of  eiedricity. 
•  Though  it  be  indubitably  true  that  the  pores  of 
air  are  very  dofe,  and  fcarcdy  permit  any  communis 
cation  between  the  ether  that  they  contain,  and  what 
is  in  the  vicinity,  it  undergoes  however  fome  change 
yirhen  near  to  an  electric  body. 

Let  us  firft  confider  an  electric  body  negatively  fo, 
as  a  ftick  of  fealing-wax  A  5,  (^pLite  ULJig.  i .)  which 
bas  been  deprived  by  friftion  of  pivt  of  the  ether 
contained  in  its  pores,  f  >  that  what  it  now  contains 
has  lefs  ehfticity  than  that  of  other  bodies,  and  con- 
feqi^ently  than  that  of  the  air  which  furrounds  the 
wax.  It  muft  neceiTarily  happen,  that  the  etlier  con- 
tained in  the  particles  of  the  air  which  immediately 
touch  the  wax,  as  at  m^  having  greater  elafticity, 
^ould  difcharge  itfelf,  in  however  fmall  a  degree^ 
into  the  pores  of  the  wax,  and  will  confequently  lofe 
fomewhat  of  its  elafticity.  In  like  manner,  the  par- 
ticles pf  air  more  remote,  fuppofe  at  /i,  will  likewiie 
fuffer  a  portion  of  their  either  to  efcape  into  the  nearer 
:^t  my  and  fo  on  to  a  certain  diftance,  beyond  which 
the  air  will  no  longer  undergo  any  change.  In  this 
manner,  the  air  round  the  flick  of  wax,  to  a  certain 
diftance,  will  be  deprived  pf  part  of  its  ether,  and  be- 
come itfelf  eledric. 

This  portion  of  the  air,  which  thus  partakes  of 
the  eleftricity  of  the  flick  of  wax,  is  denominated 
the  eledric  atmofphere ;  and  you  will  fee  from  the 
proofs  which  I  have  jufl  adduced,  that  every  eleftric 
body  muil  be  furroundcd  with  an  atmofphere.     For 
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if  the  body  is  fojitively  dcftriC)  ib  as  t6  tontain  a  fu- 
pcrfluity  of  ether,  it  will  be  more  comprefled  in  fiich 
%  body^  and  confequently  more  elaftic,  as  is  the  cafe 
with  a  tube  of  glafe  when  rubbed ;  this  ether,  mor«J 
ds^c,  then  difcharges  itfctf,  in  a  fmaH  degree,  into 
the  particles  of  air  which  immediately  touch  it,  and 
thence  into  particles  more  remote,  to  a  certain  diC 
tance;  this  \yill  form  another  eleftric  atmolphere 
round  the  tube,  in  which  the  ether  will  be  more 
eomprefied,  and  confequently  more  dallic  than  elfe« 
where. 

It  is  evident  that  this  atmo^ere  which  furrounds 
fiich  bodies,  muft  gradually  diminifli  the  deftrictty 
of  them,  as  in  the  firft  cafe  there  paffcs  sdmoft  con- 
linually  a  fmall  portion  of  ether,  from  the  furround- 
ing  air,  into  the  ele^hic  body,  and  which,  in  the 
other  cafe,  iffues  from  the  -eleftric  body,  and  paffes 
into  the  air.  This  is  likewife  the  reafon  why  eleftric 
bodies  at  length  lofe  their  eleftricity ;  and  this  fo 
much  the  fooner,  as  the  pores  of  the  air  are  more 
open.  In  a  humid  air,  whofe  pores  are  very  open, 
all  electricity  is  almoft  inftantly  extinguifhed ;  but 
in  vciy  dry  air  it  continues  a  confidcrable  time. 

This  cleclric  atmofphere  becomes  abundantly  fen- 
fible,  on  applying  your  face  to  an  cleftrified  body ; 
yf)U  liavc  a  feeling  limilar  to  the  application  of  a  fpt- 
dcr's  web,  occafioned  by  tlie  gentle  tranfition  of  the 
ctlicr  from  the  face  into  the  electric  body,  or  reci- 
procally from  this  Lift  into  the  face,  according  as  it 
is  negative  or  pofitive,  to  ufe  the  common  exprcflion. 

'llic  clcftric  atmofphere  ferves  likewife  more  clearly 

to 
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to  explain  that  alternate  attraction  and  repulfion  of 
light  bodies  placed  near  to  dedlric  bodies,  which  I 
mentioned  in  the  preceding  letter ;  in  which  you 
nniit  have  remarked,  that  the  explanation  of  repul* 
iion,  there  given,  is  incomplete ;  but  the  dedric  at- 
inolphere  will  fupply  the  defed. 
.    Let  A  B  (plate  111.  Jig.  2.  J  reprefent  an  eleftric 
tube  of  glais  furcharged  with  ether,  and  let  C  be  a 
iinall  light  body,  with  pores  fufficicntly  open,  in  its 
natural  fiate.     Let  the  atmofphere  extend  as  far  as 
the  diftance  D  E.    Now,  as  the  vicinity  of  C  con- 
tains already  an  ether  more  ehflic,  this  will  difcharge 
itfelf  into  the  pores  of  the  body  C,  there  will  imme- 
diately iiTue  from  the  tube  a  new  ether,  which  will 
pais  from  D  into  C,  and  it  is  the  atmofphere  chiefly 
wluch  faicilitates  this  pafiage*    For  if  tlie  ether  con- 
tained in  the  air  had  no  communication  with  that  in 
the  tube,  the  corpufcle  C  would  not  feel  the  vicinity 
of  the  tube ;  but  while  the  ether  is  paffing  from  D 
to  C,  the  preflure  of  tlic  air  between  C  and  D  will 
be  dinuniflied,  and  the  corpufcle  C  will  no  longer  be 
prefled  equally  in  all  direftions ;  it  will  therefore  be 
impelled  toward  D,  as  if  attracted  by  it.     Now  in 
proportion  as  it  approaches,  it  will  be  likewife  more 
and  more  furcharged  with  ether,  and  will  become 
cle^bic  as  the  tube  itfelf,  and,  confcqucntly,  the  elec- 
tricity of  the  tube  will  no  longer  aft  upon  it. 

But  as  now  the  corpufcle,  being  arrived  at  Z),  con- 
tains too  much  ether,  and  more  than  the  air  at  J?,  it 
will  have  a  tendency  to  efcapc,  in  order  to  make  its 
way  to  E.    The  atmorphcre,  in  which  the  compref- 

fion 
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Bon  of  the  ethfer  amtinues  to  cfiminiih  horn  Dto  £ 
Will  fadlitate  this  paflage,  and  the  faperfltious  Aheit 
will  in  eflfeft  ILom  from  the  corpoicle  toward  E.  By 
this  paflage,  the  preffure  of  the  air  on  the  corpofiile 
will  be  fmaller  on  that  fide  than  every  where  eUe^ 
and  confequently  the  eorpuicle  will  tie  caitied  to< 
ward  i2»  as  if  the  tube  repelled  tt«  But  as  (boil  as  it 
arrives  at  £,  it  difcharges  the  fupeifluous  ether,  and 
recovers  its  natural  fiate ;  it  will  then  be  again  at* 
Iraded  toward  the  tube,  and,  having  reached  it,  wiD 
be  again  rqielled,  for  the  reafon  whkh  I  have  jufk 
been  explaining* 

.  It  is  the  eledric  atmoipbere  then,  chiefly,  which 
produces  thefe  Angular  phenomena,  when  we  iee 
dedrified  bodies  akematdy  attraft  and  repd  fioaall 
light  bodies,  fuch  as  little  flips  of  p^er,  or  pardcka 
of  metal,  with  which  this  cxpcrijnent  beft  fucceeds^ 
as  the  fubftances  have  very  open  pores. 

You  will  fee,  moreover,  that  what  I  have  juft  now 
£dd  refpecling  pofitive  electricity,  muft  equally  take  \ 
jdace  in  negative.  The  tranfition  of  the  ether  b  only 
reverfed,  by  which  the  natural  preffure  of  the  air 
muft  always  be  diminifhed. 

lUbJuly,   1761. 
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Communication  of  EIe£lrtcity  to  a  Bar  of  Iron^  by  means 

of  a  Globe  of  Glafs. 

AFTER  the  experiments  made  with  glafs  tubes, 
we  have  proceeded  to  carry  electricity  to  a 
liigher  degree  of  ftrength.  Inftead  of  a  tube,  a  globe, 
or  round  ball  of  glafs,  has  been  employed,  which  is 
made  to  turn  witli  great  velocity  round  an  axis,  and 
on  applying  the  hand  to  it,  or  a  cufliion  of  fome 
matter  with  open  pores,  a  friction  is  produced, 
.which  renders  the  globe  completely  electric. 
.  Figure  4*  of  plate  III.  reprefents  this  globe,  which 
may  be  made  to  move  round  an  axis  A  B,  by  a  me- 
.chaniim  limilar  to  that  employed  by  turners.  C  is 
the  culhion  ftrongly  applied  to  the  globe,  on  which 
it  rubs  as  it  turns  round.  The  pores  of  the  cufliion 
bdhg,  in  this  friction,  comprefled  more  tlian  thofe 
of  the  glafs,  the  ether  contained  in  it  is  expelled, 
and  forced  to  infinuate  itfclf  into  the  pores  of  the 
glafs,  where  they  continue  to  accumulate,  becaufe 
the  open  pores  of  the  cufliion  ivre  continually  fupply- 
ing  it  with  more  ether,  which  it  is  extracting,  at 
leafl  in  part,  from  furrounding  bodies ;  and  thus  the 
globe  may  be  furcharged  with  ether  to  a  much  higher 
degree  tlian  glafs  tubes.  The  effects  of  electricity 
are,  accordingly,  rendered  much  more  confiderable, 
but  of  the  fame  nature  with  thofe  which  I  have  de- 
Icribed,  alternately  attrading  and  repelling  light  bo- 
dies; 
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dies ;  and  the  {parks  which  we  lee,  on  touching  the 
dedric  g^obe,  are  much  n^ore  lively* 

But  naturalifts  have  not  retted  iGitisfied  with  fndi 
experiments,  but  have  employed  the  de&ricai  |^6be 
in  the  difcovery  of  phenomena  much  mwe  fiir- 
prizing.* 

.  Having  conftruded  the  madune  for  tnnung  tiie 
globe  round  its  axis  AB,  a  bar  of  iron  F.O  k  fii^ 
pended  above,  or  on  one  fide  of,  the  g^obe,  and  to» 
ward  the  globe  is  direfted  a  chain  of  iron  or  cither 
metal  £D,  terminating  at  D,  in  metallic  fibmeati^ 
which  touch  the  globe.  It  it  fiiffident  thgt'tfais 
chun  be  attached  to  the  bar  of  iron  in  any  ****'•*■' 
whatever,  or  but  touch  tt«  When  the  globe  is  tnraod 
rounds  and,  in  turning,  made  tb  rub  on  the  csftion 
at  C^tn  order  diat  the  ^afs  may  become  fordnfgod 
with  ether,  which  will,  confequently,  be  more  ebrfBc, 
it  win  eafily  pais  from  thence  into  the  filaments  D^ 
for,  being  of  metal,  their  pores  are  very  open ;  and, 
from  thence,  again,  it  will  difcharge  itfelf  by  the 
chain  D£,  into  the  bar  of  iron  FG.  Thus  by  mtam 
of  the  globe,  the  ether  extraded  from  the  cuihion  C, 
will  fucceilivdy  accumulate '  in  the  bar  of  iron  FG, 
which  Ukewife,  of  confequence,  becomes  de&rk, 
and  its  eledricity  increafes  in  proportion  as  you  con* 
tinue  to  turn  the  globe. 

If  this  bar  had  a  farther  communication  with 
other  bodies,  whofe  pores  too  are  open,  it  would 
foon  difcharge  into  them  its  fuperfluous  ether,  and 
thereby  lofe  its  eleftricity ;  the  ether  extraded  from 

*  Sec  Plate  III.  Fig.  3. 
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the  cufliion  would  be  difperfed  over  all  the  bodies 
vrhich  had  an  inter-communication,  and  its  greateft 
compreffion  would  not  be  more  perceptible^  To 
prevent  this,  which  would  prove  fatal  to  all  the  phe- 
nomena of  electricity,  the  bar  muft,  of  neceffity ,  be 
fuf^rted,  or  fufpended,  by  props  of  a  fubftance 
^oiie  pores  are  very  clofe ;  fuch  are  glafs,  pitch, 
fulphur,  fealing-wax,  and  iilk.  It  would  be  proper, 
•then,  to  fupport  the  bar  on  props  of  ^afs  or  pitch ; 
or  to  fufpend  it  by  cords  of  filk.  The  bar  is  thus 
lecured  againft  the  tranfmidion  of  its  accumulated 
ether,  as  it  is  furrounded  on  all  fides  only  by  bodies 
with  dofe  pores,  which  grant  hardly  any  admifiion 
to  the  ether  in  the  bar.  The  bar  is  then  faid  to  be 
i/^at^dj  that  is,  deprived  of  all  contaft  which  could 
communicate,  and  thereby  diminifh,  its  electricity. 
You  muit  be  fenfible,  however,  that  it  is  not  poilible 
abfolutdy  to  prevent  all  wafte ;  for  this  reafon  the 
deAricity  of  fuch  a  bar  muft  continually  diminilh, 
if  it  were  not  kept  up  by  the  motion  of  the  globe. 

In  this  manner  declricity  may  be  communicated 
to  a  bar  of  iron,  which  never  could  be  done  by  the 
moft  violent  and  perfevering  friction,  becaufe  of  the 
opennels  of  its  pores.  And,  for  the  fame  reafon, 
fuch  a  bar  rendered  electric  by  communication,  pro- 
duces phenomena  much  more  furprizing.  On  pre- 
(enting  to  it  a  finger,  or  any  other  part  of  the  body, 
you  fee  a  very  brilliant  fpark  dart  from  it,  which, 
entering  into  the  body,  excites  a  pungent,  and  fome- 
times,  painful,  ienfation.  I  recollect  my  once  having 
prefibnted  to  it  ny  head,  covered  with  my  peruke  and 

Vol.  11^  I  bat, 
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liat,  and  the  ftroke  penetrated  it  fo  acutely,  that  I 
felt  the  pain  next  day.  * 

Thefe  fparks,  which  efcape  from  every  part  of  the 
bar,  on  prefenting  to  it  a  body  with  open  pores,  fet 
on  fire,  at  once,  fpirit  of  wine,  and  kill  fmali  birds 
whofe  heads  are  expofed  to  them.  On  plunging; 
the  end  of  the  chain  D£  into  a  bafon  filled  with 
wuter,  and  fupported  by  bodies  with  dofe  pores,  fuch 
as  glafs,  pitch,  filk,  the  whole  water  becomes  eleftric; 
and  fome  authors  aflure  us  that  they  have  feen  con-^ 
fiderable  lakes  elcdrified  in  this  manner,  fo  that,  on 
applying  the  Iiand,  you  might  have  fecn  even  vcr)' 
pungent  fparks  emitted  from  the  water.  But  it  ap- 
pears to  me,  that  the  globe  muft  be  turned  a  very 
long  time  indeed,  to  convey  fuch  a  portion  of  ether, 
into  a  mafs  of  water  fo  enormous ;  it  would  be  like- 
wife  neceflary  that  the  bed  of  the  lake,  and  every 
thing  111  contaft  with  it,  fliould  liavc  their  pores 
clofc. 

The  more  open,  then,  the  pores  of  a  body  are^ 
tlie  more  difpofed  it  is  to  receive  a  higher  degree  of 
electricity,  and  to  produce  prodigious  efFe^.  You 
iiiiili  admit  that  all  this  is  pcrfeclly  conformable  to 
tht?  principles  which  I  at  firft  eftablifhed. 

)4//y  Jlifyf    1761. 
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Eledrifation  of  Men  and  Animals* 

AS  electricity  may  be  communicated  from  glafs 
to  a  bar  of  iron,  by  means  of  a  chain,  which 
forms  that  communication,  it  may  likewife  be  con- 
veyed into  the  human  body ;  for  the  bodies  of  ani- 
mals have  this  property  in  common  with  metals  and 
water,  that  their  pores  are  very  open ;  but  the  man, 
who  is  to  be  the  fubjec):  of  the  experiment,  muft  not 
be  in  contadl  with  other  bodies  whofe  pores  are  like- 
wife  open. 

For  this  eSeft,  the  man  is  placed  on  a  large  lump 
of  pitch,  or  feated  on  a  chair  fupported  by  glais  co- 
lumns, or  a  chair  fufpended  by  cords  of  iilk,  as  all 
thefe  fubftances  have  pores  fufficiently  clofe  to  pre- 
vent the  efcape  of  the  ether,  with  which  the  body  of 
the  man  becomes  furcharged  by  eleftricity. 

This  precaution  is  abfolutely  neccflary,  for  were 
the  man  placed  on  the  ground,  the  pores  of  which 
are  abundantly  open,  as  foon  as  the  ether  was  con- 
veyed into  his  body,  to  a  higher  degree  of  compref^ 
fion,  it  would  immediately  difcharge  itfelf  into  the 
earth,  and  we  muft  be  in  a  condition  to  iurcharge  it 
entirely  with  ether,  before  the  man  could  become 
dedric.  Now  you  muft  be  fenfible,  that  the  cufliion 
by  which  the  globe  of  glafs  is  rubbed,  could  not  pofl 
fibly  fupply  fuch  a  prodigious  quantity  of  ether,  and 
that  were  you  to  extraft  it  even  out  of  the  earth  it* 

la  fclf. 
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fclf,  you  could  gain  no  ground,  for  you  would  juft 
take  away  as  much  on  the  one  hand  as  you  gave  on 
tiie  other. 

Having,  then,  placed  tlie  man,  whom  you  mean 
to  eleftrify,  in  the  manner  which  I  have  indicated, 
you  have  only  to  make  him  touch,  with  his  hand, 
the  globe  of  glais  while  it  turns,  and  tiie  ether,  ac- 
cumulated in  the  glol>e,  will  eafily  pais  into  the  open 
pores  of  the  hand^  and  difiufe  itfelf  over  the  whole 
body,  from  whence  it  cannot  fo  eafily  efcape,  as  the 
air,  and  all  the  bodies  ¥dth  which  he  is  furrounded, 
have  their  pores  clofe.  Infiead  of  touching  the  globe 
uitli  his  hand,  it  will  be  fufficient  for  him  to  touch 
the  chain,  or  even  the  bar,  which  I  defcribed  in  the 
preceding  letter ;  but  in  this  cafe,  not  only  the  man 
himfclf  muft  be  furcharged  with  ether,  but  likewife 
ihc  chain  with  the  bar  of  iron ;  and  as  this  requires 
a  greater  quantity  of  ether,  it  would  be  necefiary  to 
lilH)ur  longer  in  turning  the  globe,  in  order  to  fup- 
pU  a  fuflicient  quantity. 

la  this  manner  the  man  becomes  entirely  elecbric, 
,\r*  in  other  words,  his  whole  body  will  be  fur- 
ilur^jcd  with  ether,  and  this  fluid  will  confequently 
\  tou!\d  there  in  the  higheft  degree  of  comprefllon 
V  x';  electricity,  and  will  have  a  violent  tendency  to 

>  v*u  muft  be  abundantly  fenfible,  that  a  ftate  fo 

'  .V  ^vf'i  vAunot  be  indifferent  to  the  man.    The  body 

V,    \x  ;ts  nunuteft   parts,  wholly  penetrated  with 

.  w»v«  *   ind  the  fmalleft  fibres,  as  well  as  the  nerves, 

^  .o  *ulcJ  with  it,  that  this  ether,  without  doubt, 

pervades 
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pervades  the  principal  fprings  of  animal  and  vital 
motion.     It  is,  accordingly,  obierved,  that  the  pulfe 
of  a  man  eledrified  beats  fafter,  he  is  thrown  into  a 
fweat,*and  the  motion  of  the  more  fubdle  fluids, 
with  which  the  body  is  filled,  becomes  more  rapid. 
A  certain  change  is  likewiie  felt  over  the  whole 
body,  which  it  is  impoilible  to  defcribe ;  and  there 
b  every  reafon  to  believe,  that  this  ftate  has  a  po^*- 
erful  influence  on  the  health,  though  fufficient  ex- 
periments have  not  yet  been  made,  to  afcertain  in 
what  cafes  this  influence  is  ialutary  op  otherwife.    It 
may  ibmetimes  be  highly  beneficial  to  have  the  blood 
and  humours  raifed  to  a  more  livdy  circulation ; 
ccrtiin  obftruaions,  which  threaten  dangerous  con- 
icquences,  might  thereby  be  prevented ;  but  on  otlier 
occafions,  an  agitation  too  violent  might  prove  in- 
jurious to  health.  The  fubjed  certainly  well  deferves 
the  attention  of  medical  gentlemen.  We  have  heard 
of  many  furpriring  cures  performed  by  dedridty, 
but  we  are  not  yet  enaUed  fuffidendy  to  diftinguifli 
the  occafions  on  which  we  may  promife  ourfelves 
&coeis« 

To  return  to  our  deftrified  man ;  it  is  very  re- 
markable that,  in  the  dark,  we  fee  him  furrounded 
with  a  light,  fimilar  to  that  which  painters  throw 
round  the  heads  of  faints.  The  rbafon  is  abundantly 
obvious ;  as  there  is  always  efcaping  from  the  body 
of  that  man,  fome  part  of  the  ether  with  which  he 
is  furcharged,  this  fluid  meets  much  refifbuice  from 
the  dofe  pores  of  the  air,  it  is  thereby  put  into  a 
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certain  agitation,  which  is  the  origin  of  light,  as  I 
have  had  the  honour  to  demonfirate* 

Phenomena  of  a  very  furprizing  nature  ate  re- 
marked, in  this  ftate  of  a  man  eledrified.  On  touch- 
ing him,  you  not  only  fee  very  brilliant  fparks  ifliie 
from  the  part  which  you  touch,  but  the  man  feels, 
befides,  a  very  pungent  pain.  Farther,  if  the  per* 
fon  who  touches  him  be  in  his  natural  fiate,  or  not 
eledrified,  both  fenfibly  fed  this  pain,  which  might 
have  fatal  confequences,  efpedally  if  he  were  touched 
in  the  head,  or  any  other  part  of  the  body  of  acute 
lenfibility.  You  will  readily  comprehend,  then,  how 
little  indifferent  it  is  to  us,  that  part  of  the  ether 
contained  in  our  body  efcape  from  it,  or  that  new 
ether  is  introduced,  efpedally  as  this  is  done  with 
fuch  amazing  rapidity. 

Moreover,  the  light,  with  which  we  fee  the  man 
furrounded  in  the  dark,  is  an  admirable  confirmation 
of  my  remarks  refpefting  the  eleflric  atmofphere 
which  is  difiufed  round  all  bodies ;  and  you  \iill  no 
longer  find  any  difficulty  in  the  moft  part  of  elec- 
trical phenomena,  however  inexplicable  they  may, 
at  firft,  appear. 


LETTER 
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LETTER  XXXII. 
DjfiinSive  Character  of  the  two  Species  of  Ele6lricity. 

m 

YOU  will  pleafe  to  recoUecV,  that  not  only  glafs 
becomes  eleftric  by  friclion,  but  that  other  fub- 
Ibuices,  fuch  as  fealing-wax  and  fulphur,  have  the 
£une  property,  in  as  much  as  their  pores  are  likewifc 
dofe,  fo  that  whether  you  introduce  into  them  an  ex« 
traordinary  quantity  of  ether,  or  extract  a  part  of 
it,  they  continue  for  fome  time  in  that  ftate,  nor  is 
the  equilibrium  fo  foon  reilored. 

Accordingly,  inftead  of  a  globe  of  glafs,  globes  of 
fealing-wax  and  fulphur  are  employed,  which  are 
likewiie  made  to  revolve  round  an  axis,  rubbing  at 
the  fame  time  againft  a  cu'fhion,  in  the  £une  manner 
which  I  defcribed  refpe6ting  a  globe  of  glafs.  Such 
^bes  are  thus  rendered  equally  eledric,  and,  on  ap- 
plying  to  them  a  bar  of  iron  which  touches  them 
only  by  flender  filaments  or  fringes  of  metal,  inca- 
pable of  injuring  the  globe,  dedricity  is  immediately 
communicated  to  that  bar,  from  which  you  may 
afterwards  tranfmit  it  to  other  bodies  at  pleafure. 

Here,  however,  a  very  remarkable  difference  is 
obfenrable.  A  globe  of  glafs  rendered  elechic  in 
this  manner,  becomes  furcharged  with  ether,  and 
the  bar  of  iron,  or  other  bodies  brought  into  com- 
munication with  it,  acquire  an  eleftricity  of  the  fame 
nature ;  or,  in  other  words,  the  ether  contained  is  in 
a  flate  of  too  great  compreifion,  whofe  elaflicity  is 

1 4  incrcafed. 
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increafed.  This  eleftjricity  is  denominated  pojttive  or 
augmented  declricity.  But  when  a  glob^  of  {baling* 
wax  or  fulphur  is  treated  in  the  fame  manner ;  an 
eleflricity  diredUy  oppofite  is  the  refolty  which  is  de- 
nominated negative  J  or  diminijhed  deftridty,  as  it  is 
perceived  that,  by  friAion,  thefe  globes  are  deprived 
of  part  of  the  ether  contained  in  their  pores. 

Ton  ^^ill  be  furprized  to  fee  that  the  fame  friftion 
is  capable  of,  producing  efiedis  altogether  oppoiite  ; 
but  this  depends  on  the  nature  of  the  bodies  which 
undergo  the  fri^on,  whether  by  communicating  or 
receiving  it,  and  of  the  rigidity  of  their  particles 
which  contain  the  pores.  In  order  to  explain  the 
poffibility  of  this  difference,  it  is  evident,  at  firft 
fight,  that  when  two  bodies  are  rubbed  vidently 
againft  each  other,  the  pores  of  the  one  muft,  in  moft 
cafes,  undergo  a  greater  comprcilion  than  thofe  of 
the  other,  and  that  then,  the  ether  contained  in  the 
pores,  is  extruded,  and  forced  to  infinuate  itfelf  into 
thofe  of  the  b^es  which  are  leis  compreflbd. 

It  follows,  then,  that  in  this  friction  of  glais  againft 
a  culhion,  the  pores  of  the  cufhion  undergo  a  greater 
comprellion  than  thofe  of  the  glafs,  and  confequently 
the  ether  of  the  cufhion  muft  pafe  into  the  glals,  and 
produce  in  it  a  pofitive  or  increafed  electricity,  as  I 
have  already  fhewcd.  But  on  fubftituting  a  globe  • 
of  fealing-wax  or  of  fulphur  in  place  of  the  glafs,  thefe 
fubftances  being  fufccptible  of  a  greater  degree  of 
compreflion  in  their  pores,  than  the  fubftance  of  the 
cufliion  with  which  the  friction  is  performed,  a  part 
of  the  ether  contained  in  thefe  globes  will  be  forced 

out, 
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out,  aiid  conftraincd  to  pafs  into  the  cuihloT) ;  the 
^obe  of  fealing-wax  or  iulphur  will,  thereby,  be  de- 
prived of  part  of  its  ether,  and,  of  courie,  receive  a 
negative  or  dimnijhed  eledricity. 

The  dcAridty  which  a  bar  of  iron,  or  of  any  other 
metaly  receives  from  communication  with  a  globe  of 
fealing-wax  or  fulphur,  is  of  the  fame  nature ;  as  is 
alio  that  which  is  communicated  to  a  man  placed  on 
a  lump  of  pitch,  or  fufpended  by  cords  of  iilk.  When 
fuch  a  man,  or  any  other  body,  with  open  pores, 
de£brified  in  the  fame  manner,  is  touched,  nearly  the 
fame  phenomena  are  obfervable,  as  in  the  cafe  of  po- 
fitive  elefixicity.  The  touch  is  here  likewife  accom- 
panied with  a  fparky  and  a  pundure  on  both  Hdes. 
The  reaibn  is  obvious :  for  the  ether  w^Iiich,  in  this 
cafe,  e£capes  from  bodies  in  their  natural  Hate,  to 
enter  into  dedrified  bodies,  being  under  conftraint, 
muft  be  under  an  agitation,  which  produces  light.  A 
ienfible  difference  is,  however,  to  be  remarked  in  the 
figure  of  the  fpark,  according  as  the  declridty  is  po« 
fitive  or  negative.  See  that  of  poiitive  declridty : 
tiate  III  Jig.  5. 

If  the  bar  A  B  poflefles  poiitive  dedricity,  and  the 
finger  C  is  pre&nted  to  it,  the  light  which  iffues  out 
of  the  bar  appears  under  the  form  of  rays  diverging 
from  the  bar  toward  the  finger  m  n,  and  the  luminous 
point  is  feen  next  the  finger. 

But  if  the  bar  A  B  (plate  ULJig*  6.  J  is  negatively 
de£lric,  and  the  finger  C  is  prefented  to  it,  tlie  lu« 
minous  rays  m  n  diverge  from  the  finger,  and  you 
fee  the  luioinous  point  /  next  the  bar. 
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This  is  the  principal  character  by  which  pofitive 
is  diftinguilhed  from  negative  clcc'lricity.  From 
whence  foevcr  the  ether  efcapcs,  the  fparkis  emitted 
in  the  figure  of  rays  diverging  from  that  point ;  but 
when  the  ether  enters  into  a  body,  the  fpark  is  a  lu- 
minous ^int  toward  the  recipient  body. 

iifl  July,  i:6i. 
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LEITER   XXXUI. 

How  the  fame  Globe  of  Glafs  may  furniJJ)^  at  once^  the 

two  Species  of  Electricity. 

YOU  will  be  enabled  to  fee  ftill  more  clearly  the 
difference  between  pofitive  and  negative  elcftri- 
city,  after  I  have  explained  how  it  is  poflible  to  pro- 
duce, by  one  and  the  flunc  globe  of  glafs,  both  the 
fpccies  ;  and  this  will  fervc,  at  the  fame  time,  farther 
to  elucidate  thefe  wonderful  phenomena  of  nature. 

Let  A  B  (plate  Vl.f^.  \.J  be  the  globe  of  glafs, 
turning  round  its  axis  C,  and  rubbed  againft  by  the 
cufhion  D,  in  an  oppofite  direclion  to  which  the 
p^lobe  is  touched  by  the  metallic  filaments  F,  attached 
to  ihc  bar  of  ircm  FG,  which  is  fufpcnded  by  cords 
of  ills:  TI  :ivA  I,  that  it  may  no  where  touch  bodies 
wii-;  open  pores. 

I 'hi;i  I'v'iP:;  laid  down,  y(^u  know  that,  by  friclion 
.\'Y;iinU  the  cufliitm  D,  the  clhcr  naflcs  from  the 
rui-iion  into  the  glals,  from  which  it  becomes  more 
t  MiiprclVcd,  and  confcquenily  more  elaftic  :  it  will 
i..i:*s,  :hcrct\.ri\  from  thence, by  the  metallic  fjlamcnts 

I\  into 
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T,  into  the  bar  of  iron  F  G  :  for  though  the  pores 
of  glafs  are  abundantly  clofe,  as  the  ether  in  the  globe 
is  continually  accumulating  by  the  friction,  it  foon 
becomes  fo  overcharged,  that  it  efcapes  by  the  metallic 
filaments,  and  difcharges  itfdf  into  the  bar,  by  which 
this  laft  becomes  equally  eledric 

Hence  you  perceive,  that  all  this  fuperfluity  of  ether 
is  fupplied  by  the  cufhion,  which  would  fpcedily  be 
exhaufted,  unlefs  it  had  a  free  communication  with 
the  frame  which  fupports  the  machine,  and  thereby 
ivith  the  whole  earth  which  is  every  inftant  fupplying 
the  cuihion  with  new  ether,  fo  that  as  long  as  the 
firidion  continues,  thereis  a  quantity  fufficicnt  farther 
to  comprefs  that  which  is  in  the  globe  and  in  the  bar. 
But  if  the  whole  machinery  is  made  to  reft  on  pillars 
of  glafs,  as  M  and  N,  or  if  it  is  fufpended  by  cords  of 
iilk,  that  the  cufhion  may  have  no  communication 
with  bodies  whofe  pores  are  open,  which  might  fupply 
the  deficiency  of  ether,  it  would  foon  be  exhaufted^ 
and  the  eledricity  could  not  be  conveyed  into  the 
globe  and  the  bar,  beyond  a  ^  certain  degree,  which 
will  be  fcarcely  perceptible,  unlefs  the  cufhion  be  of 
a  prodigious  fize.  To  fupply  this  defecl,  the  cuihion 
D  is  put  in  communication  with  a  large  mafs  of  metal 
£,  tlie  ether  of  which  is  fufficient  to  fupply  the  globe 
and  the  bar,  and  to  carry  it  to  fuch  a  high  degree  of 
compreffion. 

You  will  thus  procure  to  the  globe  and  to  the  bar 
a  pofitive  dedbricity,  as  has  been  already  explained. 
But  in  proportion  as  they  become  furcharged  with 
cther^  the  cufhion  and  the  metallic  mafs  £  will  lofc 

the 
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the  fame  quantity,  and  thereby  acquire  a  negative 
cleftricity :  fo  that  we  have  here,  at  once,  the  two 
fpedes  of  electricity ;  the  pofitive  in  the  bar,  and  the 
negative  in  the  metallic  mafi.  Each  produces  its 
effcd  conformably  to  its  nature*  On  prefenting  a 
finger  to  the  bar,  a  fpark  with  divergent  rays  will 
iflue  from  the  bar,  and  the  luminous  point  will  be 
feen  toward  the  finger ;  but  if  you  pf efent  the  finger 
to  the  metallic  mais,  the  fpark  with  divergent  rays 
will  iifue  from  the  finger,  and  you  will  fee  the  lumi« 
nous  point  toward  the  mafs. 

Let  us  fuppofe  two  men  placed  on  lumps  of  pitchy 
to  cut  off  all  communication  between  them  and  bodies 
with  open  pores ;  let  the  one  touch  the  bar,  and  the 
other  the  metallic  mafs,  while  the  machine  is  put  in 
motion ;  it  is  evident  that  the  former  will  become 
pofitively  eleclric,  or  furcharged  with  ether,  whereas 
the  other,  he  who  touches  the  metallic  mafs,  will  2i> 
quire  a  negative  electricity,  and  lofe  his  ether. 

Here  then  are  two  eleftric  men,  but  in  a  manner 
totally  different,  though  rendered  fuch  by  the  fame 
machine.  Both  will  be  furrounded  by  an  electric 
atniolj)here,  which,  in  the  dark,  will  appear  like  the 
light  that  painters  throw  about  the  figures  of  feints. 
The  rcafon  is,  that  the  fupcrfluous  ether  of  the  one 
infenfibly  efcapcs  into  the  circumambient  air ;  and 
that,  with  rcfpcct  to  the  other,  the  ether  contained  in 
'the  air  infenfibly  infinuatcs  itfclf  into  his  body.  This 
tranlition,  thougli  infenfible,  will  be  accompanied 
with  an  agitation  of  ether,  which  produces  light. 

Jt  is  evident  that  thcle  two  fpedes  of  electricity  are 

directly 
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directiy  oppofite ;  but  in  order  to  have  a  thorough 
conviction  of  it,  let  thefe  two  join  hands,  or  only 
touch  each  other,  and  you  will  fee  very  vehement 
fparks  iflue  from  their  bodies,  and  they  themfelves 
will  fed  very  acute  pain. 

If  they  were  eledrified  in  the  &me  manner,  which 
would  be  the  cafe  if  both  touched  the  bar  or  the  me- 
tallic  mals,  they  might  fafely  touch  each  other ;  no 
fpark,  and  no  pain,  would  enfue,  becaufe  the  ether 
contained  in  both  would  be  in  the  fame  ftate ;  whereas 
in  the  cafe  laid  down,  their  ftate  is  direcUy  oppoiite. 

*5'*y^»  1761. 


LETTER    XXXIV. 

The  Leyden  Experiment. 

T  NOW  proceed  to  defcribc  a  phenomenon  of  elec- 
^  tricity,  which  has  made  a  great  deal  of  noife,  and 
which  is  known  by  the  name  of  the  Leyden  experiment^ 
becaufe  Mr.  Moufchenhroeck^  profeiTor  at  Leyden,  is 
the  inventor  of  it.  What  is  moft  aftonifhing  in  this 
experiment,  is  the  terrible  firoke  refulting  from  it, 
by  which  fevcral  perfons  at  once  may  receive  a  very 
violent  ihock.  . 

Let  C  be  a  ^obc  of  glafs,  turned  round  by  means 
of  the  handle  £,  and  rubbed  by  the  cufliion  D  D, 
which  is  prefled  upon  the  globe  by  the  fpring  O. 
At  Q  are  the  metallic  filaments,  which  tranfmit  the 
electricity  into  the  bar  of  iron  F  G,  by  the  metallic 

^hain  P. 
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meeting  c\'ci  y  vhere,  in  the  body  of  the  man,  open 
pores,  will  widiout  obflruclion  be  difiufed  over  it. 

IV. 

lUtlicrto  \vc  fee  only  the  ufual  effecl  of  eleftridty; 
but  while  the. ether  with  fuch  rapidity  flies  over  the 
body  of  the  man,  it  difcharges  itfelf  with  equal  ra* 
pidlty,  by  the  other  hand,  or  by  the  chain  A,  into 
the  water  in  the  bafon  ;  and  as  it  enters  this  witli 
fuch  inipetuofity,  it  will  eafily  overcome  the  obftade 
oppofed  by  the  glafs,  and  penetrate  into  the  water 
which  the  bottle  contains. 

V. 

Now  the  water  in  the  botde  containing  already  an 
ether  too  much  compreflcd ;  it  will  acquire,  from 
this  increafe,  new  force,  and  will  difiufe  itfelf  with 
impctuofity  as  well  through  the  chain  I H,  as  through 
the  bar  itfelf :  it  will,  of  confequence,  make  its  cfcape 
thence  at  a  with  new  efforts ;  and  as  this  is  per- 
formed in  an  inftant,  it  will  enter  into  the  finger 
with  increafed  force,  to  be  diffufed  over  the  whole 
body  of  the  man. 

VI. 

Pafling  thence  a-ncw  into  the  water  in  the  bafon^ 
and  penetrating  the  bottle,  it  will  increafe  ftill  farther 
the  agitation  of  the  ether  compreffed  in  the  water 
of  the  bottle,  and  in  the  bar  ;  and  this  will  continue 
till  the  whole  is  rcftored  to  equilibrium,  which  will 
quickly  take  place,  from  the  great  rapidity  with  which 
the  ether  acts. 

Vn.  The 
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vn. 

The  lame  thing  will  happen  if  you  employ  feveral 
perfons  inftead  of  one  man.  And  now,  I  flatter  my- 
£si£y  you  fully  comprehend  whence  arifes  the  furpriz- 
ing  increafe  of  force  in  the  eleftricity  which  is  pro- 
duced by  this  experiment  of  Mr.  Moufcbenbr^ck^  and 
which  exhibits  effects  fo  prodigious. 

VIIL 
.  If  any  doubt  could  remain  refpefting  what  I  have 

advanced,  that  the  ether  comprefled  in  the  water  of 
the  bottle  could  not  penetrate  through  the  glafs,  and 
that  afterwards  I  have  allowed  it  a  paflkge  abundantly 
free ;  fuch  doubt  will  vanifh  when  it  is  confldered, 
that,  in  the  firft  cafe,  every  thing  is  in  a  fiate  of  tran« 
quillity,  and,  in  the  laft,  the  ether  is  in  a  terrible  ab- 
lation, which  muft  undoubtedly  affiil  its  progrei3 
through  the  clofeft  paflages. 

Q.%tb  Jufyy  1 761. 

LETTER    XXXV. 

Refieclions  on  the  Caufe  and  Nature  of  Eledricity^  and  on 
other  Means  proper  to  produce  it. 

AFTER  thefe  elucidations,  you  can  be  at  no  lofs 
refpeding  the  caufe  of  the  prodigious  effeds 
obfervable  in  the  phenomena  of  eledricity. 

Moft  authors  who  have  treated  the  fubjed,  per- 

plex  the  experiments  in  fuch  a  manner,  that  they  are 

rendered  abfolutely  unintelligible,  efpecially  when 

they  attempt  an  explanation.     They  have  recourfe  to 

Vol.  II.  K  a  certain 
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;i  certain  fubtile  matter  which  they  denominate  the 
Cuclric  jiuid^  and  to  which  they  afcribe  qualities  fo  ex- 
travagant that  the  mind  rejeds  them  with  contempt  ^ 
and  they  are  conflrained  to  acknowledge,  at  length, 
th:)t  all  their  efforts  are  infufficient  to  furnifli  us  with 
a  fblid  knowledge  of  thcle  important  {^enomena  of 
nature. 

'  But  you  are  enabled  to  conclude,  from  the  prin* 
ciples  whicli  I  have  unfolded,  that  bodies  evidently 
become  electric,  only  fo  far  as  the  elafiicity,  or  the 
fiate  of  the  compreflion  of  the  ether  in  the  pores  of 
bodies,  is  not  the  fame  as  every  where  elfe }  in  other 
words,  when  it  is  more  or  lefs  compreiTed  in  feme 
than  in  others.  For,  in  that  cafe,  the  prodigious 
dafticity  with  which  the  ether  is  endowed,  makes 
violent  efforts  to  recover  its  equilibrium,  and  to  re- 
fiorc  every  where  the  fame  degree  of  elafticity,  as 
tar  as  the  nature  of  the  pores,  which,  in  different 
lH)dies,  are  more  or  Icfs  open^  will  permit ;  and  it  is 
tlic  return  to  equilibrium  which  always  produces  the 
phenomena  of  electricity. 

^YllCll  the  ether  efcapes  from  a  body  where  it  is 
lUvn'e  coniprcffed,  to  difcharge  itfelf  into  another 
w lure  it  is  lelis  fo,  this  paffage  is  always  obftrucled  by 
/^e  doic  pores  of  the  air ;  hence  it  is  put  into  a  ccr- 

*  i  iiritation,  or  violent  motion  of  vibration,  in 
*    <>,  as  wc  have  feen,  light  confifts ;  and  the  more 

;<•;:  this  motion  is,  the  more  brilliant  the  light 
X..  iinrs  till  it  becomes  at  length  capable  of  fetting 

^.:^x  ju  iirc,  and  of  burning  them. 

;*ijc  chc  ether  penetrates  the  air  with  fo  much 

force, 
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force,  the  particles  of  air  are  likcsvifc  put  into  a  mo- 
tion of  vibration,  which  occafions  found ;  it  is  ac- 
cordingly obferved,  that  the  phenomena  of  eleclricfty 
are  accompanied  with  a  cracking  noife,  greater  or 
lefi,  according  to  the  diverfity  of  circumftances. 

And  as  the  bodies  of  men  and  animals  are  filled 
with  ether  in  their  minuteft  pores,  and  as  the  aftion 
of  the  nerves  fecms  to  depend  on  the  ether  contained 
in  them,  it  is  impoilible  that  men  and  animals  (Iiould 
be  indifferent  with  refpcft  to  electricity;  and.whcn 
the  ether  in  them  is  put  into  a  great  agitation,  the 
\t&A  muft  be  very  fenfible,  and,  according  to  cir« 
cumftances,  fometimes  falutary,  and  fomctimes  hurt- 
fixL   To  this  laft  clafs^  undoubtedly,  muft  be  referred 
the  terrible  fhocks  of  the  Leyden  experiment ;  and 
there  is  every  reafon  to  believe  that  it  might  be  car- 
ried to  a  degree  of  force  capable  of  killing  men,  for, 
by  means  of  it,  many  fmall  animals,  fuch  as  mice 
and  Inrds,  have  aAually  been  killed. 

Though  friftion  ufually  is  employed  in  the  pro« 
duction  of  electricity,  you  will  cafily  comprehend, 
that  there  may  be  other  means  be  (ides  this.  What- 
ever  is  capable  of  carrying  the  eihcr  contained  in  the 
pores  of  a  body  to  a  greater  or  lefs  degree  of  com«^ 
prefiion  than  ordinary,  renders  it  eledric ;  and  if  it's 
pores  are  dofe,  there  the  eleftricity  will  be  of  fome 
duration ;  whereas  in  bodies  whofe  pores  are  open, 
it  cannot  pollibly  fubfift,  unlefs  furrounded  by  air, 
or  other  bodies  with  clofe  pores.  . 
Hence  it  has  been  obferved,  that  heat  frequently 
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fupplies  the  place  of  friftion.  When  you  heat  or 
melt  fealing-wax,  or  fulphur,  in  a  fpoon^  you  dif- 
cover  a  very  fenfible  deftricity  in  thefe  fubftances, 
after  they  are  cooled.  The  reafon  is  no  longer  a 
myftery,  as  we  know  that  heat  enlarges  the  pores  of 
all  bodies,  for  they  occupy  a  greater  fpace  when  hot 
than  when  they  are  cold. 

You  know  that,  in  a  thermometer,  the  mercury 
rifes  in  heat,  and  falls  in  cold ;  becaufe  it  occupies  a 
greater  fpace  when  it  is  hot,  and  fills  the  tube  more 
than  when  it  is  cold.  We  find,  for  the  fame  reafon, 
that  a  bar  of  iron  very  hot  is  always  fdmewhat  longer 
than  when  cold ;  a  property  common  to  all  bodies 
with  which  we  are  acquainted. 

When,  therefore,  we  melt,  by  fire,  a  mafi  of  feal- 
ing-wax,  or  fulphur,  their  pores  are  enlarged,  and 
probably  more  open ;  a  greater  quantity  of  ether 
muft,  of  courfe,  be  introduced  to  fill  them.  When, 
afterwards,  thefe  fubftances  are  fuffered  to  cool,  the 
pores  contraft  and  clofe,  fo  that  the  ether  in  them 
is  reduced  to  a  fmaller  fpace,  and  confequently  car- 
ried to  a  higher  degree  of  comprcflion,  which  in- 
creafes  it's  elafticity  :  thefe  maflfes  will  acquire,  there- 
fore, a  pofitive  eleftricity,  and  muft  confequently 
exhibit  the  efFefts  of  it. 

This  property  of  becoming  eledric  by  heat  is  re- 
marked in  mod  precious  ftones.  Nay  there  is  a  ftone 
found  in  Ceylon,  named  Tourmalin^  which,  rubbed 
or  heated,  acquires  at  once  the  two  fpecics  of  elcc«> 
tricity.  The  ether  in  one  part  of  the  ftonc  is  ex- 
pelled' 
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pdled)  to  comprels  more  that  which  is  in  the  other 
part ;  and  its  pores  are  too  clofe  to  permit  the  re- 
cftablifhment  of  the  equilibrium. 

ift  Augufty  1761. 
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Nature  of  Thunder :  Explanations  of  the  ancient  Phi- 
lofopbersj  and  of  Dcfcartes :  Refemhlance  of  the  Phe- 
nojnena  of  Thunder ^  and  thofe  of  EUSricity. 

I  HAVE,  hitherto,  confidered  eleftricity  only  as  an 
objeA  of  curiofity  and  fpeculation  to  naturalifts : 
but  you  will  prefently  fee,  not  without  fome  degree 
of  furprize,  that  thunder  and  lightning,  as  well  as 
all  the  terrible  phenomena  which  accompany  them, 
derive  their  origin  from  the  fame  principle;  and 
that  in  thefe,  nature  executes,  on  the  great  fcale,  what 
naturalifts  do  in  miniature,  by  their  experiments. 

Thofe  philofophers,  who  thought  they  faw  fome 
refemblancc  between  the  phenomena  of  thunder  and 
thofe  of  dechicity,  were  at  firft  confidered  as  vi- 
fionaries ;  and  it  was  imagined  that  they  made  ufe 
of  this  pretence  merely  as  a  cover  to  their  ignorance 
refpecHng  the  caufe  of  thunder ;  but  you  will  foon 
be  convinced,  that  every  other  explanation  of  thefc 
grand  operations  of  nature  is  deftitute  of  foundation. 

In  truth,  every  thing  advanced  on  the  fubjecl,  pre- 
vious to  the  knowledge  of  eleftricity,  was  a  mafs  of 
abfurdity,  and  little  calculated  to  conve)''  inftruclion 
refpccling  any,  the  leaft,  phenomena  of  thunder. 

K  3  AxvdfiXLX. 
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A'^"^-^-  philofophers  attributed  the  caufe  of  it  to 

; ',  .ur.vus  and  bituminous  vapours,  which,  afcend« 

-  :  .*:u  tlic  earth  into  the  air,  mixed  vfith  the 

,  /;  .15,  where  they  caught  fire,  from  fomc  unknown 

■  1    •  i,» 

Dc/l\jrtcs,  who  quickly  perceived  the  irifuffidcncy 
ot  this  explanation,  imagined  another  caufe  in  the 
clouds  themfclves,  and  thought  that  thunder  might 
be  produced  by  the  fudden  fall  of  more  elevated 
clouds,  on  others  in  a  lower  region  of  the  air ;  that 
t!ie  air,  contaTsed  in  the  intermediate  fpace,  was 
compreffcd  by  this  fall,  to  fuch  a  degree  as  was  ca- 
pable of  exciting  a  noife  fo  loud,  and  even  of  pro- 
ducing lightning  and  thunder,  though  it  was  impof- 
ilble  for  him  to  demonftrate  the  poflibility  of  it. 

But,  without  detdning  your  attention  on  falfe  ex- 
planations which  lead  to  nothing,  I  haften  forward 
to  inform  you,  that  it  has  been  difcovered  by  incon- 
tcftablc  proofs,  that  the  phenomena  of  thunder  are 
always  accompanied  by  the  moft  indubitable  marks 
i)f  clcclricity. 

Let  a  bar  of  metal,  fay  of  iron,  be  placed  on  a 
\nVi\v  of  glafs,  or  any  other  fubftance  whofe  pores 
urc  clolo,  that  when  the  bar  acquires  eleclricity,  it 
jii.iy  not  cfcapc,  or  communicate  itfelf  to  the  body 
w  lii^  ii  fupporcs  the  bar  ;  as  foon  as  a  thunder-ftorm 
.iiiii.^,  iuul  the  clouds  which  contain  the  thunder 
come,  dlrcclly  over  the  bar,  you  perceive  in  it  a  very 
lu oils;  eleclricity,  (generally  far  furpafling  that  which 
art  produces;  if  you  apply  the  hand  to  it,  or  any 
v»;!icr  body  with  open  pores,  you  fee  burfting  from 

it, 
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It,  not  only  a  fpark,  but  a  very  bright  flafli,  with  a 
noife  fimilar  to  thunder ;  the  man,  who  applies  his 
hand  to  it,  receives  a  fhock  fo  violent  that  he  is 
ftunned.  This  furpaffes  curiofity,  and  there  is  good 
reafon  why  we  fliould  be  on  our  guard,  and  not  ap- 
proach the  bar  during  a  fiorm. 

A  profeffor  at  Peterfburgh,  named  Richmanrij  has 
lumiflied  a  melancholy  example.  Having  perceived 
a  refemblance  fo  ftriking  between  the  phenomena  of 
thunder  and  thofe  of  eledricity,  this  unfortunate  na- 
turalift,  the  more  clearly  to  afccrtain  it  by  experi- 
ment, raifed  a  bar  of  iron  on  the  roof  of  his  houfe, 
cafed  bdow  in  a  tube  of  glafs,  and  fupportcd  by  a 
mafs  of  pitch.  To  the  bar  he  attached  a  wire,  which 
he  conduced  into  his  chamber,  that  as  fooYi  as  the 
bar  ihould  become  deftric,  the  eleftricity  might  have . 
a  free  communication  with  the  wire,  and  fo  enable 
him  to  prove  the  eflPedb  in  his  apartment.  And  it 
may  be  proper  to  inform  you,  that  this  wire  was 
condufted  in  fuch  a  manner  as  no  where  to  be  in 
contaft  but  with  bodies  whofe  pores  are  clofe,  fuch 
as  g^ais,  pitch,  or  iilk,  to  prevent  the  efcape  of  the 
dcftricity. 

Having  made  this  arrangement,  he  expefted  a 
thunder-ftorm, which,  unhappily  for  him,  foon  came. 
The  thunder  was  heard  at  a  diftance  ;  Mr.  Richmann 
was  all  attention  to  his  wire,  to  fee  if  he  could  per- 
cdve  any  mark  of  eleftricity.  As  the  ftorm  ap- 
proached, he  judged  it  prudent  to  employ  fome  pre- 
caution, and  not  keep  too  near  the  wire ;  but  hap- 
pemng  carelefsly  tb  advance  his  cheft  a  little,  he  re- 
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ccived  a  terrible  ftroke,  accompanied  with  a  loud 
clap,  which  ftretched  him  lifdcfs  on  the  flo6n 

About  the  fame  time,  the  late  Dr.  Lieberkubn  and 
Dr.  Lxidolf  were  about  making  fimilar  experiments 
in  this  city,  and  in  that  view  had  fixed  bars  of  iron 
on  their  houfes ;  but  being  informed  of  the  difafter 
which  had  befallen  Mr.  Richmann^  they  had  the  bars 
of  iron  immediately  removed,  and,  in  my  opinion, 
they  afted  wifely. 

From  this  you  will  readily  judge,  that  the  air  or 
atmofphere  muft  become  very  eleftric  during  a 
thunder-fiorm,  or  that  the  ether  contained  in  it  mud 
then  be  carried  to  a  very  high  degree  of  compreflion. 
Tliis  ether,  with  which  the  dr  is  furcharged,  will 
pais  into  the  bar^  becaufe  of  it's  open  pores,  and  it 
A\ill  become  eleclric,  as  it  would  have  been  in  the 
common  method,  but  in  a  much  higlicr  degree. 

:^tb  Avgujl^  1761. 

LETTER    XXXVII. 

Explanatio?!  of  the  Phenomena  of  Lightning  and 

Thunder. 

m 

^T^llF.  experiments  now  mentioned  incontcftably 

\^    vi^monftrate,  therefore,  that  ftormy  clouds  are 

%:f*"clv  cicatrical,  and  that,  confequently,  their 

v.-^  uv  cither  furcharged  with  ether,  or  cxhaullcd, 

V  \  ,■:  u.iics  are  equally  adapted  to  electricity.    But 

*  x\^*  xcrv  powerful  rcafons  for  believing  that  this 

V.  '^  i>  pofitive,  thiit  the  ether  in  them  is  com- 

preiTed 
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prefTed  to  the  higheft  degree,  and,  confequently,  fo 
much  the  more  elafiic  than  elfcwhcre. 

Such  fiorms  ufually  fucceed  very  fultry  weather. 
The  pores  of  the  air,  and  of  the  vapours  floating  in 
it,  are  then  extremely  enlarged,  and  filled  with  a 
prodi^ous  quantity  of  ether,  which  eafily  takes  pof- 
fd&on  of  all  the  empty  fpaces  of  other  fubftances. 
But  when  the  vapours  colled:  in  the  fuperior  regions 
of  our  atmofphere,  there  to  form  clouds,  they  have 
to  encounter  exceflive  cold.  Of  this  it  is  impoflible 
to  doubt,  from  the  hail  which  is  frequently  formed 
in  thefe  regions ;  this  is  a  fufiicient  proof  of  conge- 
lation, as  well  as  the  fnow  which  we  find  on  the  tops 
of  very  high  mountains,  fuch  as  the  Cordeliers, 
while  extreme  heat  prevails  below. 

Nothing  then  is  more  certain,  or  better  cftablifhcd 
by  proof,  than  the  exceflive  cold  which  univcrfally 
prev^  in  the  upper  regions  of  the  atmofphere, 
where  clouds  are  formed.  It  is  equally  certain;  that 
cold  contracts  the  pores  of  bodies,  by  reducing  them 
to  a  fmaUer  fize :  now,  as  the  pores  of  the  vapours 
have  been  extremely  enlarged  by  the  heat,  as  foon 
as  they  are  formed  aloft  into  clouds,  the  pores  con- 
tract, and  the  ether  which  filled  them,  not  being  able 
to  efcape,  becaufe  thofe  of  the  air  arc  very  clofe,  it 
needs  muft  remain  there :  it  will  be  of  courfe  com- 
prefied  to  a  much  higher  degree  of  denfity,  and,  con- 
fequently, it's  daflicity  will  be  fo  much  the  greater. 

The  real  ftate  of  ftormy  clouds,  then,  i^  this,  the 
ether  contained  in  their  pores,  is  much  more  elaltic 
than  ufual,  or,  in  other  words,  the  clouds  have  a  pu- 

fitive 
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iiLive  dcchicity.  As  they  are  only  an  aiTemblage  of 
huniid  vapours,  tlieir  pores  are  very  open,  but  bc- 
in^^  furrounded  by  the  air  whofc  pores  arc  doie,  this 
QtlitT  could  not  efcape  but  very  imperceptibly.  But 
it  any  pcrfon,  or  any  body  whatever,  with  open  pores, 
ucre  to. approach  it,  the  fame  phenomena  which 
electricity  exhibits  would  prefent  themfelves;  a  very 
vehement  fpark,  or  rather  a  real  flaih,  would  burft 
fortli.  Niy  more,  the  body  would  undergo  a  very 
violent  fliock  by  the  difcliarge,  from  the  unpetuoiity 
witli  which  the  ether  in  the  cloud  would  rufli  into 
it's  pores.  This  fhock  might  be  indeed  fo  violent  as 
to  dcftroy  the  ftruchire ;  and,  finally,  the  terrible 
agitation  of  the  ether  which  burfts  from  the  cloud, 
being  not  only  light,  but  a  real  fire,  it  might  be 
capable  of  kindling  and  confuming  combuftible  bo- 
dies. 

Here,  then,  you  will  diflinguifli  all  the  circum- 
ftanccs  which  accompany  thunder ;  and  as  to  the 
nolle  of  tlnindcr,  the  cau(b  is  very  obvious,  for  it  is 
impoflible  the  ether  fliould  be  in  fucli  a  ftate  of  agi- 
tation, without  the  air  itfclf  receiving  from  it  the 
xnoft  violent  concuflions,  which  forcibly  impel  the 
Tfliudcs,  and  excite  a  dreadful  noilc.  Thunder,  tlien, 
nnis  forth,  as  often  as  the  force  of  ether  contained 
4j£  douds  is  capable  of  penetrating  into  a  body, 

-T^jt  ^  ^^^  ^^  ^^  ^^'^  natural  ftate,  and  whofe 
jt:  open :  it  is  not  even  neccflary  that  fuch 
jj^  immediately  touch  the  cloud. 
Ttt^^^  faid  refpecling  the  atmofphere  of 
principally  takes  place  in  clouds ; 
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and  frequently,  during  a  ftorm,  we  are  made  fenfible 
of  this  eleftric  atmofphere  by  a  ftifling  air,  which  is 
particularly  oppreflive  to  certain  perfons.  As  foon 
as  the  doud  begins  to  diffolve  into  rain,  the  air,  be- 
coming humid  by  it,  is  charged  with  an  dcftricity 
by  which  the  commotion  may  be  conveyed  to  bodies 
at  a  very  great  diftanca 

.  It  is  obfcrved  that  thunder  ufually  ftrikes  very  ele- 
vated bodies,  fuch  as  the  fummits  of  church-fpires, 
when  they  confift  of  fubftances  with  open  pores,  as 
all  metals  are ;  and  the  pointed  form  contributes  not 
a  litde  to  it.  Thunder  frequently  falls,  likewife,  on 
water,  the  pores  of  which  are  very  open  ;  but  bo- 
dies with  clo&  pores,  as  glafs,  pitch,  fulphur,  and 
lilk,  are  not  greatly  fufceptible  of  the  thunder  ftroke, 
unlefs  they  are  very  much  moiftened.  It  has  been 
accordingly  obferved,  that  when  thunder  paffes 
through  a  window,  it  does  not  perforate  the  glafs, 
but  always  the  lead  or  other  fubftances  which  unite 
the  panes*  It  is  almoft  certain,  that  an  apartment 
of  glaik  cemented  by  pitch,  br  any  other  fubftance 
with  dole  pores, would  be  an  cfTeAual  fecurity  againft 
the  ravages  of  thunder. 

EtiAn^Jff  1 761. 
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npHUNDER,  then,  is  nothing  elfe  but  the  effecl: 
^  of  the  eledricity  with 'which  the  clouds  arc 
endowed ;  and  as  an  eleArified  body,  applied  to  an- 
other in  it's  natural  ftate,  emits  a  fpark  with  fome 
noife,  and  difcharges  into  it  the  fnperfluous  ether, 
with  prodigious  impetuofity ;  the  fame  thing  takes 
place  in  a  cloud  that  is  deftric,  or  furcharged  with 
ether,  but  with  a  force  incomparably  greater,  becaufe 
of  the  terrible  mafs  that  is  eleftrified,  and  in  which, 
according  to  every  appearance,  the  ether  is  reduced 
to  a  much  higher  degree  of  compreffion  than  we  are 
capable  of  carrying  it  by*our  machinery. 

Wlien,  therefore,  fuch  a  cloud  approaches  bodies, 
prepared  for  the  admiffion  of  it's  ether,  this  difcharge 
n.ull  be  made  with  incredible  violence :  inftead  of  a 
fimplc  fpark,  the  air  will  be  penetrated  with  a  pro- 
digious flafli,  which,  exciting  a  commotion  in  the 
ctlier  contained  in  the  whole  adjoining  region  of  the 
atmofpherc,  produces  a  moft  brilliant  light ;  and  in 
this  lightning  confifts. 

Ihc  air  is,  at  the  fame  time,  put  into  a  very  vio- 
lent motion  of  vibration,  from  which  refults  the 
noilc  of  thunder.  This  noife  muft,  no  doubt,  be  ex- 
cited  at  the  fame  inftant  with  the  lifrhtnino: ;  hut  you 
know  that  found  always  requires  a  certain  quantity 
of  time,  in  order  to  it's  tranfmillion  to  anydiflance, 

and 
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and  that  its  progrefs  is  only  at  the  rate  of  about  a 
thouland  feet  in  a  fecond ;  whereas  light  travels  wHith 
a  vdodty  inconceivably  greater.  Hence  we  always 
hear  the  thunder  later  than  we  fee  the  lightning : 
and  from  the  number  of  feconds  intervening  between 
the  flafh  and  the  report,  we  are  enabled  to  determine 
the  diftance  of  the  place  where  it  is  generated,  allow- 
ing  a  thoufand  feet  to  a  fecond. 

The  body  itielf,  into  which  the  eleftricity  of  the 
doud  is  difcharged,  receives  from  it  a  moft  dreadful 
ftroke;  fometimes  it  is  fliivered  to  pieces ;  fometimes 
iet  on  fire  and  confumed,  if  combuflihle ;  fometimes 
melted,  if  it  be  of  metal:  and,  in  fuch  cafcs,  we  fay 
it  is  thunder-ftruck ;  the  effefts  of  which,  however 
furprizing  and  extraordinary  they  may  appear,  are  in 
perfect  confiftency  with  the  well-known  phenomena 
of  dedricity. 

A  fword,  it  is  known,  has  fometimes  been  by 
thunder  melted  in  the  fcabbard,  while  the  hil  fuf- 
'  tained  no  injury  :  this  is  to  be  accounted  for,  from 
the  opennefs  of  the  pores  of  the  metal,  which  the 
ether  very  eaiily  penetrates,  and  exercifes  over  it  all 
its  powers,  whereas  the  fubftance  of  the  fcabbard  is 
more  clofely  allied  to  the  nature  of  bodies  witli  clofe 
pores,  which  permit  not  to  the  ether  fo  free  a  tranf- 
miifion. 

It  has  likewife  been  found^  that  of  feveral  pcrfons, 
on  whom  the  thunder  has  fallen,  feme  only  have 
been  ftruck  by  it ;  and  that  thofc  who  were  in  the 
middle  fuffcred  no  injury.  The  caufe  of  this  pheno- 
menon likewife  is  manifcft.     In  a  group  expofed  to 

a  thuudcc 
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a  thunder  ftorm,  they  are  in  the  greatcft  danger  who 
ftand  in  the  ncarcft  vichiity  to  the  air  that  is  fur- 
charged  with  ether ;  as  foon  as  tlie  ether  is  difcharged 
upon  one,  all  the  adjoining  air  is  brought  back  to  its 
natur^  ftatc,  and  confequently  thofe  who  were  neareft 
to  the  unfortunate  victim  feel  no  eflFecl;  while  others, 
at  a  greater  diftance,  where  the  air  is  ftill  fufUciently 
furcharged  with  ether,  are  ftruck  with  the  lame 
thunder  clap. 

In  a  word,  all  the  ftrange  circumftances,  fo  fre* 
qucntly  related,  of  the  effecls  of  thunder,  contain 
nothing  which  may  not  be  eafily  reconciled  with  the 
nature  of  eleclricitv. 

Some  philofophers  liave  maintained,  that  thunder 
did  not  come  from  the  clouds,  but  from  the  earth, 
or  bodies.  However  extravagant  this  fcntiment  may 
appear,  it  is  not  fo  abfurd,  as  it  is  dilUcult  to  diftin* 
guilh,  in  the  ph.enomena  of  electricity,  whether  the 
fpark  iflues  from  the  body  which  is  elecbrified,  or 
from  that  which  is  not  fo,  as  it  equally  fills  thefpace 
bi^twecn  ihc  two  bodies  ;  and  if  the  electricity  is  ne- 
f;;ilivc,  the  ether  and  the  fpark  are  in  effect  emitted 
fn^.i  the  niiiunU  or  non-elcctrified  body.  But  we 
Tire  lurfLciently  afiurcd  that,  in  thunder,  the  clouds 
li..ve  A  poiiiix ;'  elech'leity,  ;ind  that  the  lightning  is 

YcHi  will  lje  iiiliiiLi^^e  li>\vever  in  afking,  if  by 

^\.vv  iirt>k':  oi  tliui.'i.r,  lonie  terrelliial  bodv  is  af- 

•_:.\1?  W.'  U\\  \n  l.'.i,  t!i:t  li   very  rarely  ftr ikes 

•.  \.;'.vv^,  1^.'  i":    iiiiir;.::;  ..  A:  :   hut  v.e  know,  at  the 

m^^U-iiC,  lh.il  li',..?  oie iieiiueiitly  ai-'ected by  it,  and 

that 


LIGHTNING    AND   THUNDER.  1 43 

that  many  thundcr-ftrokcs  are  difcharged  into  the 
earth  and  into  the  water.  I  believe,  however,  it 
might  be  maintained,  that  a  great  many  do  not  de- 
icend  £0  low,  and  that  the  eleclricity  of  the  clouds  is 
very  frequently  difchargcd  into  the  air  or  atmofphere. 
The  fmaU  opening  of  the  pores  of  the  air  no  longer 
oppofes  any  obftruclion  to  it,  when  vapours  or  rain 
have  rendered  it  fuillciently  humid ;  for  then,  we 
know,  the  pores  open. 

It  may  very  poffibly  happen,  in  this  cafe,  that  the 
fuperfluous  ether  of  the  clouds  (hould  be  difcharged 
£mply  into  the  air ;  and  when  this  takes  place,  the 
firoke3  are  neither  fo  violent,  nor  accompanied  with 
£0  great  a  noife,  as  when  the  thunder  burfts  on  the 
earthy  when  a  much  greater  extent  of  atmofphere  is 
put  in  agitation. 

tub  Auguft^  1761. 
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LETTER    XXXIX. 

1^  Poffibility  of  preventing^  and  of  avertings  the  Effc6ls 

cf  Thunder. 

TT  has  been  alkcd.  Whether  it  might  not  be  pof- 
-■-  fiblc  to  prevent,  or  to  avert,  the  fatal  effecls  of 
thunder  ?  You  are  well  aware  of  the  importance  of 
the  queflion,  and  under  what  obligation  I  fhould  lay 
a  multitude  of  worthy  people,  were  I  able  to  indicate 
an  infallible  method  of  finding  protection  againft 
thunder. 
The  knowledge  of  the  nature  and  effcfts  of  elec- 
tricity. 
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tricity,  permits  me  not  to  doubt  that  the  thing  is 
poiTiblc.  I  correfpondcd  fome  time  ago  with  a  Mo- 
ravian prieft,  named  Procoplus  Divifcb^  who  aflured 
me  that  he  had  averted,  during  a  whole  fummer, 
every  thundcr-ftorm  which  threatened  his  own  habi- 
tation, and  the  neighbourhood,  by  means  of  a  ma- 
chine conftruclcd  on  the  principles  of  deftridty.  Se- 
veral perfons,  fincc  arrivtd  from  that  country,  have 
aflured  me  that  tlie  fact  is  undoubted,  and  confirmed 
by  irrefiftible  proof. 

But  there  arc  many  refpeclablc  charaAers,  who, 
on  the  fuppofition  that  the  thing  is  practicable,  would 
liave  their  fcruples  refpecting  the  lawfulnefs  of  em- 
ploying fuch  a  prclcrvativc.  The  andent  pagans,  no 
doubt,  would  have  coniidered  him  as  impious,  who 
ihould  have  prefumcd  to  interfere  with  Jupiter,  in 
the  direction  of  his  thunder.  Chriftians,  who  are 
aiTurcd  that  thunder  is  the  work  of  God,  and  that 
Divine  Providence  frequently  employs  it  to  punifli 
the  \\  ickcdnefs  of  men, might  with  equal  reafon  allege, 
th.it  ir  were  impiety-  to  attempt  to  oppofe  the  courfe 
of  fovcr^n;^n  juiticc. 

Without  involvinix  mvfdf  in  this  delicate  difcuf- 
lion,  I  remark  that  conflagrations,  deluges,  and  many 
other  general  calamities,  are  likewife  the  means  em- 
ployed by  Providence  to  punifli  the  fins  of  men  ;  but 
no  one,  furely,  ever  will  pretend,  that  it  is  unlawful 
to  prc^Tnt,  or  rciift,  the  progrefs  of  a  fire  or  an  inun- 

iidon.    Hence  1  infer,  that  it  is   perfectly  lawful 

v^vkfcthc  UKMus  ot  prevention  againft  the  efiecis  of 
*'^aaJa/u  they  are  attainable^ 

The 
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The  melancholy  accident  which  befcl  Mr.  Ricbmann 
at  Peterlburg,  demonftrates,  that  the  thunder-ftrokc 
which  this  gentleman  unhappily  attracted  to  himlelf, 
would  undoubtedly  have  fallen  Ibme  where  ell'e,  and 
that  fuch  place  thereby  efcaped  ;  it  can  therefore  no 
longer  remain  a  queftion  whether  it  be  poflible  to 
condudi:  thunder  to  one  place  in  preference  to  ano^ 
ther ;  and  this  feems  to  bring  us  near  our  mark. 

It  would,  no  doubt,  be  a  matter  of  ftill  greater  im- 
portance, to  have  it  in  our  power  to  diveft  the  clouds 
of  their  deftric  force,  without  being  under  the  ne- 
ceflity  of  expofing  any  one  place  to  the  ravages  of 
thunder ;  we  fliould,  in  that  cafe,  altogether  prevent 
thefe  dreadful  effeds,  which  terrify  fo  great  a  part  of 
mankind. 

'  This  appears  by  no  means  impoffiblc ;  and  the 
Moravian  pricft,  whom  I  mentioned  above,  unqueC- 
tionably  efFccled  it ;  for  I  have  been  allured,  that  his 
machinery  fenfibly  attracted  the  clouds,  and  con- 
ftraineJ  them  to  dcfccnd  quietly  in  a  diftillation, 
without  any  but  a  very  dift  \nt  thunder-clap. 

The  experiment  of  a  bar  of  iron,  in  a  very  elevated 
fituation,  which  becomes  electric  on  the  approach  of 
a  thunder-ftorm,  may  lead  us  to  the  conftruftion  of 
aflmilar  machine,  as  it  is  certain,  that  in  proportion 
as  the  bar  difcharges  its  eleclricity,  the  clouds  mull 
lofe  precifely  the  fame  quantity  ;  but  it  muft  be  con- 
trived in  fuch  a  manner,  that  the  bars  may  immedl- 
atdy  difcharge  the  ether  which  they  have  attraclcd. 

It  would  be  ncceliar}',  for  this  pnrpofe,  to  procure 
for  them  a  free  communication  vrith  a  pool,  or  with 

Vox..  II.  I.  the 
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the  bowels  of  the  earthy  whicfa^  by  meami  of  tfceur 
open  pores,  may  eafily  receive  a  much  greater  qaao-* 
tity  of  ether,  and  diQ;)erfe  it  over  the  whole  inamcnfe 
extent  of  the  earth,  fo  that  the  compreffion  of  the 
ether  may  not  become  fenfiUe  in  any  particuhur  ipoC» 
This  communication  is  very  eafy  by  means  of  chains 
of  iron,  or  any  other  metal,  which  will,  with  gseat 
rapidity,  carry  off  the  ether  with  which  the  bars  are 
furcharged. 

I  would  advife  the  fixing  of  firongbars  of  iron,  lA 
very  elevated  fituations,  and  feveral  of  them  together^ 
their  higher  extremity  to  terminate  in  a  point,  as 
this  figure  is  very  much  adapted  to  the  attradion  of 
eledridty.  I  would,  afterwards,  attach  long  chains 
of  iron  to  theie  bars,  which  I  would  conduft  under 
ground  into  a  po(^  lake,  or  river,  there  to  diiidutfge 
the  dedricity ;  and  I  have  no  doubt,  that  after  mak« 
ing  repeated  eflays,  the  means  may  be  certainly  dif* 
covered  of  rendering  fuch  machinery  more  commo- 
dious, and  more  certain  in  its  effecL 

It  is  abundantly  evident,  that  on  the  approach  of 
a  thundcr-ftorni,  the  ether,  with  which  the  clouds  are 
furcharged,  would  be  tranfmitted  in  great  abundance 
into  thcfc  bars,  which  would  thereby  become  very 
electric,  unlefs  the  chains  furnifhed  to  the  ether  a  free 
paffuge,  to  fpend  itfdf  in  the  water,  and  in  the  bowds 
of  tlie  earth. 

The  ether  of  the  clouds  would  continue,  therefore, 
to  enter  quietly  into  the  bars,  and  would,  by  its  agi- 
tation, produce  a  light,  which  might  be  vifible  on  the 
pointed  extremities. 

Such 
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Such  light  is,  accordingly,  often  obferved,  during 
a  ftorni,  on  the  fummit  of  fpires,  an  infallible  proof 
that  the  ether  of  the  cloud  is  there  quietly  difcharging 
itfelf ;  and  every  one  confiders  this  as  a  very  good 
fign,  of  the  harnilefs  abforption  of  many  thunder- 
firokes. 

Lights  are  likewife  frequently  obferved  at  fea,  on 
the  tops  of  the  mafts  of  fhips,  known  to  failors  by  the 
name  of  Cajlor  and  Pollux;  and  when  fuch  figns  are 
idiible,  they  confider  themfelves  as  fafe  from  the 
firoke  of  thunder. 

Moft  philofophers  have  ranked  thefe  phenomena 
among  vulgar  fuperftitions ;  but  we  are  now  fully 
aflured,  that  fuch  fentiments  arc  not  without  foun- 
dation; indeed  they  are  infinitely  better  founded 
than  many  of  our  philofophic  reveries.* 

•  It  was  deemed  improper  to  divert  the  rcader*s  attention  from 
Emler*s  train  of  thought,  on  the  fubjedl  of  eledtricity,  by  notes  on 
particular  pafTages,  according  as  the  observations  occurred.  But 
now  that  the  fubjedl  is  clofcd,  I  am  happy  to  infcrt,  at  once,  a  few 
general  remarks  on  £»/rr's  theory:  furnilhed  by  a  gentleman  well- 
known  in  the  world  of  fcicnce,  both  by  his  literary  produdlions, 
and  by  his  various  and  highly  improved  mathematical  inflruments ; 
^  and  who  has  lately  enriched  it  by  his  valuable  Ledturcs  on  Natural 
mnd  Experimental  Philofophy,  in  5  vols.  Svo.  I  mean  Mr.  George 
Atlams^  of  Flect-ftreet.— £.  £. 

"  However  Mr,  Euhr  may  have  deviated  from  the  prcfent 
theories  of  elediricity,  in  the  explanation  of  particular  phenomena, 
the  great  outline  of  his  fyftem  feems  to  be  confirmed  by  the  con- 
jeftures  of  Neik^ton^  the  opinions  of  If^affon^  Franklin^  H^ilfony  Eeles^ 
&c."  Thefc  great  men  concur  in  fuppofing  an  etherial  fluid  to  be 
univerfally  tUfleminated  through  all  matter;  and  every  experiment 

L  2  proves, 
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PicTcs«  tott  Its  scute  properties  depend  oo  e  ibhitioB  6f  oMilnfetiitjr 
(vbkhi*  aesrif  Velsled  to  a  chsage  in  the  poies  of  bodies)  whsdMff' 
proouccd  l»f  loGsI  motion,  rupture  of  partly  fridion^  expffion  bf 
heat,  or  condenfstion  by  cold.  Still  there  is  no  reel  ground  fior 
fuppotiBg  that  thofe/lates  of eledricxty ,  ddled  pofitiTe  and  n^stive^ 
depend  on  the  pores  of  bodies  being  more  or  left  open,  fer  it  is- 
lugbly  probable,  that  the  two  ftates  are  always  produced,  at  tfar 
Ane  time,  in-  all  bodies,  and  either  ftate  may  be  eshabitedliy  the 
lune  body,  under  certafh  ciicumftanoes,  which  csa  have  no>flAAr 
on  the  pores  of  the  bodies  concerned. 

.  h  is  clear,  that  all  dedric  appearances  depend  on  aH  uMttUe 
tnid,  of  whofe  eflFeAs,  while  it  xenunns  in  its  natursl  fiata^*^i»«  mt 
totally  ignorant;  bat,  whenever  this  fiate  is  diftnrbed,  thott  a|H^ 
ptarsmM^  which  we  caH  clerical  take  place.  Of  tiieiSs  I  flialE 
notioe  a  few,  fomewhat  more  fully  than  has  been  done  by  BSr^ 
MwUr.  Obferring,  firft,  that  finoe  his- time  the  catalogue  of  thoK 
fiibftances  which  tranfhut,  mth  eaie,  the  eleftric  fluid,  u  wdl  atf^ 
fttCe  that  do  not  condttft  it|bsa  been  cdnfideraMyintaMdUl;  mt 
none  have  yet  been  found  but  what  have  more  or  lefs  sffiniAy  witbe 
the  eledric  fluid.  It  is  worthy  of  remark,  that  many  bodies  which 
are  non-condudors  when  cold,  will  tranfmit  the  fluid,  when  they 
are  heated ;  a  circumfiance  which  feems  to  confirm  the  ideas  of 
Mr.  Etifer. 

Though  Mr.  Euler  has  endeavoured  to  explain  the  mechanifin  of 
elcdlric  attradllon,  and  repulfion,  he  has  not  pointed  out  the  general 
laws  by  which  it  is  governed.  Thefe  are,  Firft,  that  bodies  dec- 
triHcd  pofitively  repel  each,  other :  Secondly-,  that  bodies  eleftrified 
negatively  repel  each  other :  Thirdly,  bodies  eledkrified  by  contrary 
ivwei-s  ftrongly  attradb  each  other :  Fourthly,  bodies  that  are  dec*, 
tritioil  tttradl  thofe  fubftanccs  which  are  not  electrified. 

Nv>  cK|)criments,  on  this  fubjedl,  have  engaged  the  attention  of 
phUi»U»plKrs  more  than  thofe  on  the  Leyden  phial.  The  myfteries 
^1  vhiH  experiment  are  fdr  from  being  unveiled,  and  we  are  in  pof<- 
i'ciii\»u  of  no  theory  that  will  clearly  account  for  it.  Dr.  Franklin 
ihcwcvU  that  the  Leyden  phial  could  not  be  charged,  unlefsfome 
v^<s»uUuCtii));  fubftance,  in  contaft  with  the  outfide,  was  alfo  con* 
uCtsJ  wlUi  the  ground,  &c.     He.  maintained,  that  the  furplus> 

dei^icitj^' 
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cfleAricity  which  was  received,  by  cnc  oi  the  couted  far  faces  of  the 
phlaly  was  a^ually  taken  from  the  other;  that  one  {]At  was  ai- 
ivays  poiltively,  the  other  always  ne^jutively,  ekclrlficd.  This 
theory  has  been  (hewn  to  be  defe£Vivc,  and  it  has  been  proved  that, 
while  the  phial  Is  charging,  both  fides  arc  clc6triHcd  pofitivcly. 

By  conncdling  fcvcral  bottles  together,  ihe  elcdlric  power  may 
be  incrcafed  almoil  at  pleafure,  animals  muy  be  be  killed^  and  po- 
larity may  be  given  to  magnetic  needles* 

It  has  been  already  obfcrved,  that  the  clcdiric  fluid,  in  paifing 
firom  one  bo<ly  to  another,  emitted  rays  of  light ;  later  experiments 
iiave  ihewn  that  there  is  fcarce  any  fubllanae,  folid  or  fluid,  but 
what  may  be  rendered  luminous  by  palling  through  it  the  eledlric 
fluid.  It  has  alfo  been  found,  in  many  inftances,  to  produce  the 
lame  cffcifb  as  culinary  Are  ;  thus  it  will  ralfe  the  thermometer, 
accelerate  vegetation,  and  promote  evaporation,  &c. 

After  that  afloniihing  difcovcry,  by  which  the  fimilarity  of 
Lightning  and  Elediricity  was  proved,  conducting  rods  were  adaped 
to  buIldingSy  to  preferve  them  from  being  injured  by  lightning. 
Thefe  are,  in  general,  allowed  to  be  uieful,  though  not  fo  exten- 
fivelyas  was  at  firft  imagined ;  and,  though  they  may  condudt  the 
-lightning  that  falls  upon,  or  meets  with,  them,  fafcly  to  the  ground, 
yet  it  is  abfurd  to  fuppofc,  that  a  conduftor  can  prevent  the  iight- 
ning from ftriking a. building,  or  is  capable  of  exhaulling  the  at- 
mofphere  of  its  electricity. 

One  of  the  molt  brillifint  difcovorics,  concerning  Elcftricity,  is 
that  of  its-  adlivity  in  carrying  on  the  functions  of  auimal  life. 
Mr.  Jf^^  has  (hewn,  that  the  powers  of  the  Torpedo,   and  the 
Gymnotus  Eledlricus,  like  thofe  of  the  Leydcn  phal,  might  be 
extended  to  any  diftance  through  a  medium  of  conducting  fub- 
ftances,  and  that  thofe  bodies  which  impede  the  difcharge  of  an 
electrical  accumulation,  had  the  fame  influence  on  the  powers  of 
the  Torpedo,  &c.    Through  a  fmall  internal,  in  the  circuit  formed 
to  condu^  the  influence  of  thcfe  animals,  a  fpark  ofligbt  has  been 
made  to  appear,  which  has  fully  cHabliflied  the  iimilitude  between 
the  eledtrical  fluid  of  thcfo  animals  laid  that  of  nutuie  at  large. 
Many  iniiances  might  be  introduced  to  flicw  its  a;;cncy  in  the    , 
human  frame,  but  none  can  be  offered  of  more  importance  to 

J.  3  mankinds 
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mnlBhia»  AiB  dwie  which  prore  its  eficacff  ts  a  mcdiciafe:  it 
liM  bcoi  applied  with  fttOceft»  to  reUeve  the  fiifienngt  of  tnan* 
kindt  «wl»  at  a  great  hofpital  in  this  metropolis,  under  the  can- 
ttons  eye  of  public  fcniunj*  has  obtained  an  eftsbliihed  laiik  iii 
theartof  healins:. 


LETTER   XL. 

On  the  celebrated  Problem  of  the  Lmptude :  gemril 

•  _ 

Defcription  of  the  Earthy  of  its  Axisy  its  two  Poks^ 
and  the  Equator. 

YOU  will  by  this  time,  no  doubt,  imagine  that 
enough  has  been  laid  of  dedridty ;  and  indeed 
I  have  nothing  farther  to  add  on  that  fubjeft ;  and 
am,  of  courfe,  not  a  little  embarrafled  about  the 
choice  of  one  worthy  of  your  attention. 

In  order  to  determine  my  choice,  I  think  myfelf 
obliged  to  take  into  coniideration  thofe  fubjecU 
which  moft  materially  intereft  human  knowledge, 
and  which  Authors  of  celebrity  moft  frequently 
bring  forward.  Thefe  are  fubjefts,  refpefting  which, 
it  is  to  be  prefumed,  perfbns  of  quality  have  conii- 
derable  information. 

As  you  muft,  unqueftionably,  have  heard  frequent 
'  mention  made  of  the  celebrated  problem  of  the  lon- 
gitude, to  the  folution  of  which  the  Britifh  nation 
has  propofedamoft  magnificent  premjum,  I  prefume 
that  my  labour  will  not  be  wholly  thrown  away,  if 
I  employ  it  in  laying  before  .you  a  fair  ftate  of  that 
important  queftion.  It  has  fuch  an  intimate  con- 
nection with  the  knowledge  of  our  terraqueous  globe, 

that 


ON    THE    LONGITUDE.  I5I 

that  it  were  a  flume  to  be  ignorant  of  it.  It  will 
accordingly  furnifli  me  with  an  opportunity  of  ex- 
plaining a  variety  of  interefting  articles,  which,  I 
flatter  myfelf,  you  would  wi(h  to  fee  elucidated. 

I  begin  then  with  a  general  defcription  of  the 
earth,  which  may  be  confidered  as  a  globe,  though 
it  has*been  difcovercd  by  recent  obfervation,.  that  its 
real  figure  is  a  fpheroid,  fomewhat  flattened ;  but 
the  difference  is  fo  fmall,  that  it  may,  for  the  prefent, 
be  altogether  neglected. 

The  firft  thing  to  be  remarked  on  the  globe  of  the 
earth,  are  two  points  on  it*s  furface,  denominated 
the  two  poles  of  the  earth.  Round  thefe  two  points 
the  globe  of  the  earth  every  day  revolves,  as  you 
turn  a  ball  fixed  between  the  two  points  of  a  turn- 
ing machine.  This  motion  is  called  the  daily  or  di- 
urnal motion  of  the  earth,  each  revolution  of  which 
is  performed  in  about  twenty-four  hours.  Or,  to 
fpeak  according  to  appearances,  you  know  that  the 
whole  heavens,  which  we  confider  as  a  concave  ball, 
within  whofe  circumference  the  earth  revolves,  ap- 
pear to  turn  round  the  earth  in  the  fame  fpace  of 
twenty-four  hours.  This  motion  is  likewiie  per- 
formed round  two  fixed  points  in  the  heavens,  de- 
nominated the  poles  of  heaven  ;  now  if  we  conceive 
a  ftraight  line  drawn  from  one  of  thefe  poles  of  hea- 
ven to  the  other,  that  line  will  pafi  through  the 
centre  of  the  earth. 

But  you  will  eafily  comprehend,  that  the  appear^ 
anc^  muft  be  the  lame,  whether  the  earth  turns 
round  thefe  poles,  while  the  heavens  remain  in  a 
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ilatc  of  reft ;  or  whether  the  heavens  revolve  round 
their  poles,  the  earth  remaining  at  reft.  On  either 
fuppofitiou  we  are  equally  led  to  the  knowledge  of 
the  poles  of  the  earth,  the  foundation  not  only  of 
aftronomy,  but  likcwife  of  geogra|)hy. 

Let  fg.  I .  of  plate  I.  reprefent  the  globe  of  the 
earth,  whofe  poles  are  the  points  A  and  B ;  one  of 
thefe  poles.  A,  is  named  the  fouth  or  autarkic  poUj 
the  other,  B,  is  denominated  the  north  or  arilic  pole* 
This  laft  is  nearer  to  the  region  of  the  globe  which 
we  inhabit. 

I  remark,  that  thefe  two  poles  are  direftly  oppo- 
fite  to  each  other ;  in  other  words,  were  a  firaight 
line  A  B  to  be  drawn  directly  through  the  earth,  it 
would  pafs  precifely  through  the  middle  C,  thatt  is 
to  fay,  through  the  centre  of  the  earth.  This  ftraight 
line  AB  has  accordingly  it's  appropriate  name,  and 
is  called  the  axis  of  the  earthy  which  being  produced 
in  both  directions  to  the  heavens,  wdU  terminate  in 
tlic  two  points  wdiich  are  called  the  poles  of  heaven ; 
and  to  which  we  give  the  fame  names  as  to  thofe  of 
the  earth. 

I'hefe  two  poles  of  the  earth  are  by  no  means  a 
mere  fiction,  or  a  fpeculation  of  aftronomers  and 
c;('Ofj;r'iphcrs ;  but  :irc  rcpJly  irioft  effential  points 
marked  011  the  fiirfcice  of  our  globe ;  for  it  is  well 
known,  that  the  nearer  wc  approach  thefe  two 
iNMUts,  the  colder  and  more  rucrci-cd  the  f^ee  of  na- 
wx  becomes,  to  fucli  a  dccrrec  that  the  rccrions  ad- 
-.ivv:U  to  the  poles  arc  abfolutcly  uninliabitahlc,  from 

.-  .r\ceffivc  cold  which  prevails  there  during  the 

.winter. 
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^nter.  No  one  inftance,  accordingly,  has  been  pro- 
duced of  any  traveller,  whether  by  land  or  water, 
vi'ho  has  reached  either  of  the  poles.  It  may  be  af- 
firmed, therefore,  that  thefe  two  fpots  of  the  earth 
are  altogether  inacccflible. 

Having  thus  determined  the  two  poles  of  the  earth 
A  and  B,  we  may  conceive  the  whole  globe  divided 
into  two  hemifpheres,  DBE  and  DAE,  each  of 
which  terminates  in  one  of  the  poles  as  its  fummit. 
For  this  purpofe  we  are  to  fuppofe  the  globe  bifccled 
through  its  centre  C,  fo  that  the  feclion  fliall  be  per- 
pendicular to  the  axis  of  the  earth  ;  this  feclion  will 
mark,  on  the  furface,  a  circle  encompafling  the  whole 
globe,  every  where  equally  diftant  from  the  two 
poles.  Thb  furrounding  circle  is  denominated  the 
equator.  The  regions  adjacent  to  it  are  the  hotted, 
and  on  that  account,  as  the  ancients  believed,  almofl: 
uninhabitable ;  but  they  are  now  found  to  be  ex- 
cccdingly.populous,  though  the  heat  be  there  almofl: 
infupportable. 

But  as  you  remove  from  tlie  equator,  on  either 
fide,  toward  the  poles,  the  countries  become  more 
and  more  temperate,  till,  at  laft,  on  approaching 
too  near  the  poles,  the  cold  becomes  intolerable. 

As  the  equator  divides  the  earth  into  two  hemi- 
fpheres, each  bears  the  name  of  the  pole  contained 
in  it ;  thus  the  h;Jf  D  B  E,  which  contains  the  north 
'  pole,  is  denominated  the  northern  hcmifphcrc^  and  in 
it  is  fituatcd  all  Europe,  almoft  the  whole  of  Afia, 
part  of  Africa,  and  the  half  of  America.  The  o.hcT 
hcmifphere  is,from  it's  pole, denominated  t.-u-  /'y/c/Zv/v; 
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bemijphere^  and  contains  the  greatel):  jNurt  of  Africa, 
the  other  half  of  America,  and  feveral  iiles,  which 
geographers  attribute  to  Afia,  as  you  will  recoUeft 
to  have  feen  in  maps  of  the  world. 

LETTER  ILL 

*  0/tbe  Magnitude  of  the  Earth ;  rf  Meridians^  and  the 
Jhortejt  Road  from  Plate  to  Place. 

HAVING  diftinaiy  fixed  the  idea  of  the  poles 
of  the  earth  and  of  the  equator,  which  you 
can  much  more  eafily  imagine  on  a  globe,  than  I 
can  reprefent  by  a  figure,  every  other  necefiary  idea 
will  teadily  follow  from  thefe. 

I  muft,  however,  fubjoin  a  further  elucidation  of 
confiderable  importance.  The  axis  of  the  earth 
paffing  from  one  pole  to  the  other,  through  the  cen- 
tre of  the  earth,  is  a  diameter  of  the  globe,  and 
confequently  is  double  the  length  of  the  radius.  A 
radius  of  the  earth,  or  the  diftance  from  every  point 
on  the  furface  to  the  centre  is  computed  to  be  860 
German  miles  ;•  the  axis  of  the  earth  will  therefore 
contain  1720  German  miles.  And  the  equator  be- 
ing  a  circle  whofe  centre  is  like  wife  that  of  the  earth, 
it  will  have  the  fame  radius,  namely  860  miles,  the 

*  About  3956  miles  Engllfh,  or  1432  French  leagues  ;  the  axis 
of  the  earth  will  atcordlnj^ly  be  7912  miles  Kni^Iifn,  or  2864. 
French  leagues;  and  the  circumference  at  the  e]u:itor  23,736 
miles  F.nglilh,  about  8600  leagues  of. France. —ii.ii. 

diameter 
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diameter  of  the  equator  will  accordingly  be  1720 
miles, and  it's  whole  circumference  5400  miles  nearly; 
fo  that  if  you  were  to  make  a  tour  of  the  globe,  fol- 
lowing the  trad  of  the  equator,  you  muft  perform 
a  journey  of  almoft  5400  German  miles.  This  will 
give  you  fomc  idea  of  the  magnitude  of  the  earth. 

The  equator  being  a  circle,  it  is  fuppofed  to  be 
divided  into  360  equal  parts,  named  degrees :  a  de- 
gree of  the  equator  contains  therefore  15  German 
miles,*  as  15  times  360  make  5400. 

Every  degree  is  again  fubdivided  into  60  equal 
parts,  called  minutes^  fo  that  every  minute  contains 
the  fourth  part  of  a  German  mile,  or  about  6000 
feet ;  a  fecond  being  the  fixticth  part  of  a  minute, 
will  contain  ico  feet. 

It  being  impoffible  to  reprefent  a  globe,  on  paper, 
any  other  way  than  by  a  circle,  you  muft  fupply  this 
defed  by  imagination.  Accordingly  AB,  (plate  L 
Jig.  2. J  being  the  two  poles  of  the  earth ;  B,  the 
north,  and  A,  the  fouth  ;  DMNE  will  reprefent  the 
equator,  or  rather  that  half  of  it  which  is  turned 
toward  us,  the  other  being  concealed  on  the  oppofitc 
fide. 

The  line  DMNE  reprefents  then  a  femi-cirde,  as 
virell  as  BD  A  and  BE  A;  all  thefe  femi-circles  having 
their  centres  at  that  of  the  globe,  C.  It  is  poffible 
to  imagine  an  infinite  number  of  other  femi-circles, 
all  of  them  drawn  through  the  two  poles  of  the 
earth  A  and  B,  and  pafling  through  every  point  of 

♦  69  Eng'.ifti. 
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the  equator,  as  BM A,  BN A :  tbefe  will  all  be  fimi- 
lar  to  the  firft  BDA  and  BEA;  though  in  the  fi- 
gure dieir  form  appears  very  dii&rent.    Imajginadon 
muft  corred  this,  and  the  faft  is  apparent  on  a  real ' 
globe. 

All  thefe  (end-circles  drawn  from  one  pole  to  the 
other,  through  whatever  pdunt  of  the  equator  they 
Biay  pais,  are  denominated  meridians:  or  rather^  a 
meridian  is  nothing  elfe  but  a  femi-drcle  which,  on 
the  furface  of  the  earth,  is  drawn  from  one  pole  Uf 
the  other }' and  you  cau  eaiily  comprehend,  that, 
taking  any  place  whatever  on  the  fur£aice  of  the 

r 

earth,  (ay  the  point  L,  you  can  always  conceivt;,a 
pridian  BLMA,  which,  paifing  through  the  two 
poles,  takes  in  it's  way  the  point  L.  This  meridian 
then  is  named  the  meridian  of  L.  Suppofing,  for 
example,  L  to  be  Berlin,  the  fcmi-circle  BLMA 
would  be  the  meridian  of  Berlin ;  and  in  like  man- 
ner refpefting  every  other  fpot  of  the  earth. 

You  can  reprefent  to  yourfelf  a  globe,  on  the 
furface  of  which  are  dcfcribed  all  the  countries  of 
the  earth,  the  continent,  as  well  as  the  fca  with  it*s 
iflands.  This  artificial  globe,  denominated  the  /^r- 
fejirial  or  terraqueous  globe ^  you  muft  no  doubt  be 
acquainted  with.  As  to  all  meridians,  which  call 
poffibly  be  drawn  upon  it,  and  a  great  number  of 
which  aftually  arc  traced,  I  remark,  that  each,  being 
a  fcmi-circle,  is  divided  by  the  equator  into  two 
parts,  each  of  which  is  the  fourth  part  of  a 
^  :hit  is  an  arch  oi  90  dc-^recs.  Accordingly,  . 
iiiEn  BN,  B£,  are  fourth  parts  of  a  circle  as 

well 
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'wcll  2L3  AD,  AM,  AN,  AE;  cacli  therefore  contains 
90  degrees :  and  it  may  be  fanhcr  added,  that  each 
is  perpendicular  to  the  equator,  or  forms  right  angles 
^th  it. 

Agadn,  were  a  perfon  to  travel  from  the  point  of 
the  equator  M,  to  the  pole  B,  the  Ihorteft  road 
would  be  to  purfue  the  track  of  the  meridian  MLB, 
which  being  an  arch  of  go  degrees,  and  a  degree 
containing  15  German  miles,  would  contain  1350 
miles,*  the  diflance  to  be  pi^ed  in  going  from  the 
equator  to  eithef  of  the  poles. 

You  will  recdleft,  that  the  fliorteft  road  from 

ft 

phct  to  place,  is  the  ftraight  line  drawn  through 
any  two  places ;  here  the  ftraight  line,  drawn  from 
the  point  M,  in  the  equator,  to  the  pole  B,  would 
fidl  within  the  earth,  a  route  which  it  is  impoffiblc 
to  purfue,  for  we  arc  fo  attached  to  the  furface  of 
the  earth,  that  we  cannot  remove  from  it.     For  this 
Kafon  the  queftion  becomes  exceedingly  different, 
when  it  is  afked.  What  is  the  fliorteft  road,  leading 
db'om  one  fpot  on  the  furfice  of  a  globe  to  another  ? 
This  fliorteft  road  is  no  longer  a  ftraight  line,  but 
the  fegraent  of  a  circle,  defcribed  from  one  point  of 
the  furface  to  another,  and  whole  centre  is  precifely 
that'  of  the  globe  itfelf.     This  is  accordingly  in  per- 
feft  harmony  with  the  cafe  in  queftion ;  for  to  travel 
from  the  point  M  in  the  equator,  to  the  pole  B,  the 
arch  of  the  meridian  MLB,  which  I  have  reprcfented 
as  the  fliorteft  road,  is  in  efieft  a  fcgment  of  the  oircla 
whofc  centre  is  precifely  that  of  the  earth. 

»  About  620a  miles  Englilh,  or  2350  French  len^ucs.     ^ 

In 
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In  liice  manner,  if  we  coniider  the  fpot  L,  fituated 
in  the  meridian  BLMA,  the  ihorteft  road  to  go 
thence  to  the  pole  B,  will  be  the  arch  LB;  and  if 
we  know  the  number  of  degrees  which  this  arch 
contains,  allowing  1 5  German  miles  to  a  degree,  we 
ihall  have  the  length  of  the  road.  But  if  you  were 
difpoied  to  travel  from  the  lame  fpot  to  the  equator, 
fay  the  ihortefl:  track,  it  would  be  neceflary  to  piirfuc 
the  track  of  the  arch  of  the  meridian  LM,  the  num- 
ber of  degrees  contained  in  which,  reckoning  1 5  Ger- 
man miles  to  a. degree,  would  give  the  diftance. 

We  muil  be  iatbfied  with  expreffing  thefe  difianoes 
in  d^rees,  it  being  fo  eafy  to  reduce  them  to  Ger- 
man miles,  while  other  nations  employ  miles  of  va- 
rious length,  (bme  greater,  fbme  imallen    Takiagy 
then,  the  city  pf  Berlin  for  the  fpot  L,  we  JEnd  that 
the  arch  LM,  which  leads  to  the  equator,  contains  52 
degrees  and  a  half;  confequently  to  travel  from  Ber- 
lin to  the  equator,  the  ihorteft  road  is  787  German 
miles  and  a  half.    But  if  aqy  one  were  to  go  from. 
Berlin  to  the  north  pole,  he  muft  follow  the  diredion 
of  the  arch  BL,  which  containing  37  degrees  and  a 
half,  would  be  562  German  miles  and  a  half.   Thefe 
two  diftances  added,  give  1350  German  miles  for  the* 
extent  of  the  arch  BLM,  which  is  the  fourth  part- 
of  a  circle,  or  90  degrees,  which  contain,  as  we  have 
feen,  1350  German  miles. 

22(1  Ju^ufty  iy()i. 
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LETTER    XLII. 

Of  Latitude^  and  its  Influence  on  the  Sea/ons,  and  the 

Length  of  the  Day. 

IB  E  GIN  once  more  with  the  fame  figure,  (plate  L 
fZ'  3.)  which  mutt  by  this  time  be  abundantly 
familiar  to  you.  The  whole  circle  reprefents  the 
globe  of  the  earth ;  the  points  A  and  B  it's  two 
poles ;  B  the  north  or  arctic,  and  A  the  fouth  or 
antardic ;  fo  that  the  ftraight  line  B  A  drawn  within 
the  earth,  and  pafUng  through  it's  centre  C,  is  the 
axis  of  it.  Again  DME  is  the  equator  which  di- 
vides it  into  two  hemifpheres,  DBE  the  northern, 
and  DAE  the  fouthern. 

Let  us  now  take  any  fpot  whatever,  fay  L,  and 
draw  it's  meridian  BLMA,  which,  being  a  fcmi- 
cirde,  paffes  through  the  point  L,  and  the  two  poles 
B  and  A.  This  then  is  the  meridian  of  the  place  L, 
divided  by  the  equator  at  M  into  two  equal  parts, 
making  two-fourths  of  a  circle,  each  of  which  con- 
tains 90  degrees.  I  remark  farther,  that  the  arch 
LM,  of  this  meridian,  gives  us  the  diftance  of  the 
place  L  from  the  equator,  and  that  the  arch  LB  ex- 
prefles  the  diftance  of  the  fame  place  L,  from  the 
pole  B. 

This  being  laid  down,  it  is  of  importance  to  ob- 
ferve  that  the  arch  LM,  or  tlie  diftance  t)f  L  from 
the  equator,  is  denominated  the  latitude  of  the  place  L  ; 
fo  that  the  latitude  of  any  place  on  the  globe,  is  no- 
thing 
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thing  elfe  but  the  arch  of  the  meridian  ^  that  place^ 
which  is  intercepted  between  the  equator  and  the 
given  place :  in  other  words,  the  latitude  of  a  pboCi^ 
is  the  diftance  of  that  place  from  the  equator,  ex* 
preifing  fuch  diftance  by  degrees,  the  quantity  oi 
which  we  perfedly  know,  as  each  degree  ecA&taini 
1 5  German*  miles. 

Tou  will  readily  comprehend,  that  this  diihmar 
muft  be  ctiftinguifhed,  according  as  the  given  phce 
is  m  the  northern,  or  ibuthem  hemifphcre.  In  tke 
former  cafe,  that  is,  if  the  ^ven  place  ii  in  the 
northern  hemifphere,  we  fay  it  has  twrtb  laHtmk  ( 
but  if  it  is  in  the  fouthem  henu^here,  we  fiiy  it  is 
iafoutb  latitude. 

Taking  Berlin  as  an  infbnce,  we  fay  it  iB  in  52 
degrees  and  3 1  minutes  of  north  latitude ;  the  hti* 
tude  of  Magdeburg  is,  in  like  manner,  northern,  5a 
degrees  and  19  minutes.  But  the  latitude  of  Batavia 
in  the  Eaft  Indies  is  6  degrees  15  minutes  fouth} 
and  that  of  the  Cape  of  Good  Hope  in  Afirica,  is 
Iike\vife  fouth  34  degrees  15  minutes. 

I  remark  by  the  vi^y,  that  for  the  fake  of  abbre* 
viation,  inftead  of  the  word  degree  we  affix  a  fmall 
cipher  (°)  to  the  numeral  charaders,  and  inftead  of 
the  word  minute  a  fmall  flanting  bar  C),  and  inftead 
oi  fecond  two  of  thefe  (")  ;  thus  the  latitude  of  the 
obfervatory  at  Paris  is  48*^  50''  10'',  N.  that  is  48 
degrees,  .50  minutes  and  10  feconds  North.  In  Peru 
ther«  is  a  place  named  Vlo,  whofe  latitude  has  been 
found  to  be  17°  36^  15",  S.  that  is,  17  degrees,  36 
minutes  and  1 5  feconds  South.  Hence  you  will  un« 
2  '         dcrftand. 
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dcrftand,  that  if  a  place  were  mentioned  whofe  lati- 
tude was  o^  o'  o"j  fuch  place  would  be  precifely  un- 
der the  equator,  as  its  diftance  from  the  equator  is  o^ 
or  nothing ;  and  in  this  cafe  it  is  unnecefTar)'^  to  afiix 
the  letter  N  or  S.  But  were  it  poffible  to  reach  a 
place  whofe  latitude  was  90^  N.  it  wo\dd  be  precifely 
the  north  pole  of  the  earth,  which  is  diftant  from  the 
equator  the  fourth  of  a  circle  or  90  degrees.  This 
will  give  you  a  clear  idea  of  what  is  meant  by  the 
latitude  of  a  place,  and  why  it  is  exprefied  by  dc'- 
grees,  minutes,  and  feconds. 

It  is  highly  important  to  know  the  latitude  of 
every  place,  not  only  as  effctitial  to  Geography,  in 
the  view  of  afligning  to  each  its  exact  fituation  on 
geographical  charts,  but  likewife  becaufe  on  the  la- 
titude depend  the  feafons  of  the  yeir^  the  inequali- 
ties of  day  and  night,  and  confcquently  the  tempe- 
rature of  the  place.  As  to  places  fituated  dire^Uy 
under  the  equator,  there  is  fcarcely  any  perceptible 
variation  of  the  feafons,  and  through  the  whole  year 
the  days  and  nights  arc  of  the  fame  length,  namely 
1  a  hours.  For  this  reafon  the  equator  is  likewife 
denominated  tlie  equinodial  line :  but  in  proportion 
as  you  remove  from  the  equator,  the  more  remark- 
able is  the  difference  in  the  feafons  of  the  year,  and 
the  more  likewife  the  days  exceed  the  nights  in  fum- 
xner,  whereas,  reciprocally,  the  days  in  winter  are  as 
much  Ihorter  than  the  nights. 

You  know  that  the  longefl  days,  in  thefe  northern 
latitudes,  are  toward  the  commencement  of  our 
fummer,  about  the  aifl  of  June  ^  the  nights,  of  con^ 

Vol..  n.  M  fequcnce 
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Icquence,  are  then  the  fliorteft;  and  that  toward  the 
beginning  of  our  wntcr,  about  the  23d  of  Decern^ 
ber^  the  days  are  ihorteft  and  the  nights  longeft :  fo 
that  every  where,  the  longeft  day  is  equal  to  the 
longeft  night.    Now  in  every  place,  the  duration  of 
the  longeft  day  depends  on  the  latitude  of  the  place. 
Here,  at  Berlin,  the  longeft  day  is  16  hours  and  38 
minutes,  and  confequently  the  ihortcft  day  in  winter 
is  7  hours  22  minutes.   In  places  nearer  the  equator, 
or  whofe  latitude  is  lefs  than  that  of  Berlin,  which  is 
52°  32'',  tlic  longeft  day  in  fummer  is  lefe  than  16 
hours  38  minutes,  and  in  winter  the  ihorteft  day  is 
more  than  7  hours  22  minutes.    The  contrary  of 
this  takes  place  on  removing  farther  from  the  equa- 
tor :  at  Peterft>urg,  for  example,  whofc  latitude  is 
60  degrees,  the  longeft  day  is  18  hours  30  minutes, 
and  confequently  the  night  is  then  only  5  hours  30 
minutes:  in  winter,  on  the  contrary,  the  longeft 
night  is  18  hours  30  minutes,  and  then  the  day  is 
only  5  hours  30  minutes.     Were  you  to  remove  ftill 
farther  from  the  equator,  till  you  came  to  a  place 
wlioi'e  latitude  was  66^  30^,  the  longeft  day  there 
would  be  cxaftly  24  hours,  in  other  words,  the  fun 
would  not  fet  at  that  place,  at  that  feafon  ;  whereas 
in  winter  the  contrary  takes  place,  the  fun  not  rifing 
at  all  on  the  23d  of  December,  that  is,  the  night 
then  lafting  24  hours.     Now  at  places  ftill  more  re- 
mote from  the  equator,  and  confequently  nearer  the 
pole,  for  example,  at  Warthuys  in  Swedifli  Lapland, 
this  longeft  day  lafls  for  the  fpace  of  feveral  days  to- 
gether, during  which  the  fun  abfolutely  never  fets ; 

and 
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and  the  longeft  night,  when  the  fun  never  rifes  at 
all,  is  of  the  fame  duration^ 

Were  it  poffible  to  reach  the  pole  itfdf,  we  fhould 
have  day  for  fix  months  together,  and,  during  the 
other  fix,  perpetual  night.  From  this  you  compre- 
hend of  what  importance  it  is  to  know  accurately 
the  latitude  of  every  fpot  of  the  globe. 

Zld  Auguft^  1761. 
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LETTER    XLIII. 
Of  Parallels^  ofthejirjh  Meridian^  and  of  Longitude. 

HAVING  informed  you,  that  in  order  to  find 
the  meridian  of  any  given  place,  fay  L,  it  is  ne- 
ceflary  to  draw  on  the  furface  of  the  earth  a  femi- 
cirde  B  L  M  A,  paifing  through  the  two  poles  B  and 
A,  and  through  the  given  place  L ;  I  remark,  (plate 
Lfg.  4.^  that  there  is  an  infinite  number  of  other 
places,  through  which  this  fame  meridian  pafies, 
and  which  are  confequently  all  faid  to  be  fituated 
under  the  fame  meridian,  whether  in  the  northern 
hemifphere,  between  B  and  M,  or  in  the  fouthern, 
between  M  and  A. 

Now  all  the  places,  fituated  under  the  fame  meri-. 
dian,  differ  as  to  latitude,  fome  being  nearer  to,  or 
more  remote  from,  the  equator  than  others.  Thus 
the  meridian  of  Berlin  pafles  through  the  city  of 
Meifle,  and  nearly  through  the  port  of  Trieftc,  as 
well  as  many  other  places  of  lefs  note.    ' 

You  will  likewife  pleafe  to  obferve  that^  a  great 
many  places  may  have  the  fame  latitude,  that  is,  may 
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be  equally  diftant  from  the  equator,  but  all  of  them 
fituated  under  different  meridians.  In  faft,  if  L  is 
the  city  of  Berlin,  whofe  latitude,  or  the  arch  LM 
contair.s  52^  31',  it  is  poflible  under  any  other  meri- 
dian BN  A,  a  place  I,  the  latitude  of  which,  or  the 
arch  I N,  (hull  like  wife  be  52^  3 1' ;  fuch  are  the  points 
r  and  G.  taken  in  the  meridians  BD  A,  BE  A.  And 
as  a  meridian  may  be  drawn  through  every,  point  of 
the  equator,  in  which  there  fliall  be  a  place  whofe 
latitude  is  the  fame  with  that  of  Berlin,  or  the  place 
L,  \vc  fliall  liave  an  infinite  number  of  places,  all  of 
the  fame  latitude.  They  will  be  all  fituated  in  the 
circle FLI G,  all  the  points  of  which  being  equally 
diftant  from  the  equator,  it  is  denominated  a  parallel 
circle  to  the  equator,  or  fimply  a  paralleL  A  parallel 
on  the  globe,  then,  is  nothing  elfe  but  a  circle  paraUel 
to  the  equator,  that  is,  all  the  points  of  which  are 
equidiftant  from  it ;  hence  it  is  evident,  that  all  the 
points  of  a  parallel  are  likewile  equidiftant  from  the 
poles  of  the  earth. 

AiS  it  is  poflible  to  draw  fuch  a  parallel  through 
every  place  on  the  globe,  we  can  conceive  an  infinite 
number  of  them,  all  differing  in  refpecl  of  latitude, 
each  having  a  latitude,  whether  north  or  fouth,  pe- 
culiar to  itfelf. 

You  muft  likewife  be  abundantly  fenfible,  that  the 

greater  the  latitude  is,  or  the  nearer  you  approach  to 

^either  of  the  poles,  the  fmaller  tlie  parallels  become, 

till  at  laft,  on.  coming  to  the  very  poles,  where  the 

.latitude  is  90*^,  the  parallel  is  reduced  to  a  fingle  point. 

•But,  on  the  contrary,  as  you  approach  the  equator, 

or 
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or  the  linaller  the  latitude  is,  the  greater  are  the  pa- 
rallels ;  till  at  laft,  when  the  latitude  becomes  o,  or  . 
nothing,  the  parallel  is  loft  in  tlic  equator.  It  is  ac-  - 
cordingly  by  the  latitude  that  we  diftinguifli  them  ; 
thus  the  parallel  of  30^,  is  that  which  paiTes  through 
every  place  whofe  latitude  is  30  degrees,  but  it  is 
neceflary  to  explain  yourfelf,  acxordiiig  as  you  mean 
north  or  fouth  latitude. 

On  confulting  an  accurate  map.,  you  will  obferve 
that  Hanover  is  fituatcd  under  the  fame  parallel  with 
Berlin,  the  latitude  of  both  being  52'  31^,  and  that 
tkc  cities  of  Brunfwick  and  Aniftcrdam  flill  nearly 
under  the  fame  parallel ;  but  that  the  meridians  paff- 
ing  through  thefe  places  are  different.  If  you  know 
the  meridian  and  the  parallel  under  which  any  place 
is  iituated,  you  are  enabled  to  afcertain  its  actual  po- 
rtion on  the  globe.  If  it  were  affirmed,  for  example, 
that  a  certain  place  is  fituated  under  the  meridian 
BNA,  and  the  parallel  FLG,  you  would  only  have 
to  look  where  the  meridian  BNA  is  interfered  by 
the  parallel  FLG,  and  the  point  of  interfeclion  I,  will 
give  the  true  poiition  of  the  given  place. 

Such  are  the  means  employed  by  geographers  to 
determine  the  real  fituation  of  every  place  on  the  face 
of  the  globe.  You  have  only  to  afcertain  its  parallel, 
or  the  latitude,  and  its  correfponding  meridian*  As 
to  the  parallel,  it  is  eafy  to  mark  and  difiinguiih  it 
from  every  other ;  you  have  only  to  indicate  the  la- 
titude, or  diftancc  from  the  equator,  according  as  it 
is  north  or  fouth :  but  how  defcribe  a  meridian,  and 
diftinguiih  it  from  every  other  ?  They  have  a  pcr- 
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feft  refembbnccy  they  are  all  equal  to  eadi  otIier»  and 
noonehasafpedalauddiftU^dxvcinai'k.  Itdcpriidi 
therefore  upoa  ourieives  to  itiake  dunce  of  a  oertam. 
meridian,  and  to  fix  it,  in  order  to  refsr  aU  dlMli-tQ 
that  one.  If ,  for  ezanqde,  in .  the  fignre  nfcri^ 
at  the  be^nnings  we  were  to  fix  on  the^  mcfidiMi 
BPA,  it  would  be  eafy  to  indicate  cyery  otVir(|;iift^^^ 
ridian,  iay  BMA,  by  fimply  aicertBinia|r;  oii:*t^' 
equator  the  arch  PM,  contained  between  the  tcuA 
meridian  BD  A  and  the  one  in  quc^on  BMA;«iidf 
(fing  only  in  what  diredion  yon  phKeed  fircn^J  Um 
fixed  meridian  toward  thie  odier,  whether  firoiiieaft 
to  weft,  GOT  weft  to  eaft«  :t 

This  fixed  mendian,  to  wfaidi  every  0ther.,iR.r6* 
feirrcd,  is  called  the/f^  mgridmn  ;  and  the  chtolcr  of 
this  meridian  bring  arbitrary,  you  will  not  think  it 
firange  that  difierent  nations  fhould  have  made  a 
different  choice.  The  French  have  fixed  Qi|.t|t):,ifle 
of  Ferro,  one  of  the  Canaries,  for  this  piirpd&i  and 
draw  their  firft  meridiap  through  it»  The  Oermana 
and  Dutch  draw  theirs  through  another  of  tlib;Canary 
iflands,  called  TencriflG!:.  But  whether  you  idilow  the 
French  or  German  geographers,  it  is  alvrays  neceflary 
carefully  to  mark  on  the  equator  the  point  through 
which  the  firft  meridian  pafies ;  from  this  point  you 
afterwards  reckon  by  degrees,  the  points  through 
which  all  other  meridians  pais ;  and  both  Freihch  and 
Germans  have  agreed  to  reckon  from  weft  to  eaft. 

If,  therefore,  in  the  figure  to  wliich  I  have  already 
referred,  the  femidrde  BDA  be  the  firft  meridian 
and  the  points  of  the  eq^uator  M  and  N  were  fituated 
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toward  the  eaft,  you  have  only,  in  order  to  mark  any 
other  meridian,  (ay  BMA,to  indicate  the  magnitude 
of  the  arch  DM ;  and  this  arch  is  what  we  call  the 
longitude  of  all  the  places  fituated  under  the  meridian 
BM  A.  In  like  manner,  all  the  places  fituated  under 
the  meridian  BNA  have  their  longitude  determined 
fay  the  arch  of  the  equator  DN,  exprefl'ed  in  degrees, 
minutes  and  ieconds. 

t^tb  Atgufty  1 76 1. 
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Choice  of  the  Firji  Meridian. 

m 

YOU  have  now  received  complete  information 
refpefting  what  is  denominated  the  latitude  and 
the  longitude  of  a  place  on  the  furface  of  the  globe. 
Latitude  is  computed  on  the  meridian  of  the  given 
place,  up  to  the  equator ;  in  other  words,  it  is  the 
diflance  of  the  parallel  paiEng  through  that  place, 
from  the  equator ;  and  to  prevent  all  ambiguity,  it 
istnecellary  to  exprefs  whether  this  latitude  or  diftance 
is  north  or  fouth. 

As  to  longitude,  we  mud  determine  the  diftance 
of  the  meridian  of  the  given  place  from  the  firft  me^ 
ridian ;  and  this  diftance  is  computed  on  the  equator, 
from  the  firft  meridian  to  the  meridian  of  the  given 
place,  always  proceeding  from  weft  to  eaft ;  in  other 
words,  longitude  is  the  diftance  of  the  meridian  of 
the  given  place,  from  the  firft,  computing  the  degrees 
on  the  equator,  as  I  have  juft  now  faid. 

M  4  We 
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eaftw^nl;  aixd  it  u  evident  tfiiti«dla«^ 

puted .  up  to.  360  degrees^  ve  «»  bMi^^ 

dMj  to  tlib  firfl:  aiendbn,  aft  gSo^l^pKck.  ehui^iete 

the  ctiamafisencefoPithe  cciMtor.   ;• 

were'i any  partidi)ar place. finind  ti^be  ia^.dier 359th 

d^giree  of  IpQ^tude,  the  j^^ 

be  only  one  ^iegree  difiant  fiFom  the  ficftiaieBi^iui^ 

but  toward  the  weft.    In  like  manneis  3fc?  (tf  lon«f 

l^tude  would  ezadly  £0f  jx^pond  .with  a  diftance  of 

lo^  weftward.    For  this  resdon,  in  order  to  f^yoifl* 

all  amlnguity,  in  determining  lod^tude,  we  go  <» 

to  reckon  up  to  560P  tow^d  the  ai& 

You  will  no  doubt  have  the  curiofity  to  k|iow» 
vAj  geographers^  in  fetding  the  firft  meridkm,  niVe 
agr^  tp  fix  on  one  of  the  Canary  iflands  ?^  I%eg 
leave  to  re^dy,  that  the  intention  was  to  be^n  with 
fettling  the  limits  of  Europe  toward  the  weft ;  and 
as  thefe  iflands,  called  the  Canaries,  and  fituated  in 
the  Atlantic  ocean,  beyond  Spain,  toward  America;, 
were  ftill  cohfidered  aspart  of  Europe,  it  was  thought 
proper  to  draw  the  firft  meridian  through  the  moft  . 
remote  of  the  Canary  iflands,  that  we  might  be  en- 
abled to  compute  the  other  meridians  without  inter- 
ruption, not  only  all  over  Europe,  but  through  the 
whole  extent  of  Afia :  from  whence,  going  on  to 
reckon  toward  the  eaft,  we  arrive  at  America,  and 
thence  return  at  length  to  the  firft  meridian. 

But  to  which  of  the  Canary  iflcs  fliall  we  give  the 
preference?  Certain  geographers  of  France  made 
choice  of  the  ifle  of  Ferro,  and  tlie  Germans  that  of 

Tenerifie^ 
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Teneriffc,  becaufe  the  real  fituation  of  thefe  ifles  was 
not  then  fuffidently  afcertained,  and  it  was  not  pcr- 
jiaps  known  which  of  them  \ns  the  moft  remote ; 
bclides,  the  German  geographers  ima^ned  that  the 
mountain  named  the  Peak  of  TenerifTe  w^as  pointed 
out,  as  it  were,  by  the  hand  of  Nature  for  the  firft 
meridian. 

Be  this  as  it  may,  it  feems  rather  ridiculous  to 
draw  the  firft  meridian  through  a  place  whofe  real 
pofition  on  the  globe  is  not  perfectly  determined ; 
for  it  was  not  tiU  very  lately  that  the  fituation  of  the 
Canaries  was  afcertained.  For  this  reafon,  the  moil 
accurate  aftronomers  fix  the  firil  meridian  precifcly 
20  degrees  diftant  from  that  of  the  obfcrvatory  at 
P^is,  without  regarding  through  what  fpot  the  lirft 
may  in  that  cafe  pais ;  and  it  is  undoubtedly  the 
fureft  method  that  can  be  adopted :  and  in  order  to 
determine  every  other  meridian,  the  iimpleil  way  is 
to  find  out  its  difhmce  from  that  of  Paris :  then  if 
that  other  meridian  is  more  to  the  eail,  you  have 
only  to  add  to  it  20  degrees,  in  order  to  have  the 
longitude  of  the  places  iituatcd  under  it :  but  if  this 
meridian  be  weftward  to  that  of  Paris,  you  muil  fub- 
trad  the  diftance  from  20  degrees:  finally,  if  this 
diibmce  toward  the  wefl:  is  more  than  20  degrees, 
you  fubtrad:  it  from  380  degrees,  that  is,  from  20 
degrees  above  360,  in  order  to  have  the  longitude  of 
the  meridian. 

Thus  the  meridian  of  Berlin  being  to  the  eailward 
of  the  meridian  of  Paris  1 1^  7^  15",  the  longitude  of 
Pcrlin  will  be  31^  7'  25"}  and  thb  is  likewife  the 

longitude 
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longitude  of  aUothdr  places ikuated imdar  the  £iine 
nieridhn  with:  BeiJiQ. 

In  like  mnacr  tbe  meridiaii  of  Peterflnirg  bdng 
98  degrees  more  to  the  eaft  thui  that  of  P^,  the 
IcmgitudQ  <^  Feterfbvrg  will  be  48^  .1 
'  The  median  of  St.  James's,  Londc»i»  is  more  to 
the  weft  than  that  of  F^  by  2^  25^  15^^;  fabtraA- 
ing,  therefore,^  that  quantity  from  do%  the  remain- 
^9 17^  34'  4/f  gi^es  t]^ }  totitude  of  St^  Jaaies% 
London*  . .;  i; 

Let  110  noir  take  the  city  of  lima  in  Pcnitthe 
meridian  of  wMcb  is  70^  9^  30^  to  t&e  wcftwavd  of 
that  of  IVis  i  .that  difianoe  muft be fttbtraAed  from' 
38b  dq;rees ;  which  will  leave  a  remainder  of  309^ 
50'  30^9  the  longitude  of  lima. 

Now,  when  the  latitude  and  longitude  of  a  pbce 
are  known,  we  are  enabled  to  afcertain  its  true  po^ 
fition  on  the  terreftrial  globe,  or  on  a  map :  for  as 
the  latitude  marks  the  parallel,  under  which  the  place 
is  fituated,  and  the  meridian  gives  the  meridian  of 
the  iame  place,  the  point  where  the  parallel  interfeAs 
the  meridian,  will  be  exafUy  the  place  in  quefiion. 

You  have  but  to  look  at  a  map,  that  of  Europe  for 
example ;  and  you  "^^ill  fee  the  degrees  of  the  parallels 
marked  on  both  fides,  or  their  diftances  from  th^ 
equator :  above  and  below  are  the  degrees  of  longi- 
tude, or  the  diftances  of  the  feveral  meridians  from 
the  firft. 

The  parallels  and  meridians  are  ufually  traced^on 
maps  degree  by  degree,  fometimes  at  the  diftance  of 
$  degrees  from  each  other.    In  moft  maps  the  meri* 

dians 
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dians  are  drawn  up  and  down,  and  the  parallels  from 
left  to  right :  the  upper  part  is  directed  toward  the 
north ;  the  under  to  the  fouth  :  the  right-hand  fide 
toward  the  eaft,  and  the  left-hand  fide  toward  the 
mreft. 

It  is  likewUe  to  be  remarked,  that  sTs  all  the  mciU 
dians  meet  at  the  two  poles,  the  more  any  two  meri- 
dians approach  to  either  of  the  poles,  the  fmaller  their 
diftance  becomes ;  at  the  equator  their  diftance  al*> 
iKrays  is  greateft.     Accordingly  on  all  good  maps, 
vrhere  the  meridians  are  traced,  you  will  obferve 
chat  they  gradually  approximate  toward  the  top,  that 
is  the  north,  and  their  diftances  increafe  as  you  pro- 
ceed  toward  the  equator.    This  is  all  that  feems  to 
be  requifite  for  the  underfianding  of  geographical 
charts,  by  means  of  which  an  attempt,  is  made  to  re- 
prefent  the  furface,  or  part  of  the  furface,  of  the 
globe* 

But  my  principal  object  was  to  demonftrate  how 
the  real  pofition  of  every  fpot  on  the  globe  is  deter- 
mined by  its  latitude  and  longitude. 

ift  SepUmUr,  1761* 
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M^boH  cf  determining  the  Latitude j  or  the  Elevation  of 

the  Pole. 

IT  being  a  matter  of  fuch  importance  to  know  the 
latitude  and  lon^tude  of  every  place,  in  order  to 
ascertain  exactly  the  fpot  of  the  globe  where  you  are, 

you 
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yw  muft  be  fenfitie  Uiat  it  is  equally  impoftuit  to 
<fifeover  Xht  meand  of  certainly  arri viag  aft  fuch  kttow-! 

Nothing  can  be  more  interefting  ttf  a  Biaii, '  wbo^ 
has  been  long:  at  fea,  or  after  a  tecfioua  journey 
through  uidwiWn  regions,  than  to  be  in£6hiied  at 
what  predfe  fybt  he  is  arrived ;  wheth^  or  not  he 
is  near  (bme  known  country,  smd  what  courie  he 
ought  to  ipurfue  in  order  to  reach  it.  The  cmly- 
means  of  rdieving  fuch  a  perfon  from  his  anxiety 
would  undoubtedly  be  to  give  Mm  the  latitude  and 
longitude  of  the  place  where  he  is :  but  what  muft 
he  do  to  attalin  this  moft  important  infomiattioii  ? 
Let  us  fuppofe  him  on  the  ocean,  or  in  a  vaft  dx&xKi 
wherb  there  is  no  one  whom  he  could  confult.  After 
having  afcertained,  by  the  hdp  of  a  terreftrial  globe^ 
or  of  maps,  the  latitude  and  longitude  of .  the  placd 
where  he  is,  he  will  with  eafe,  from  them,  determine 
his  prefent  pofition,  and  be  furniihed  with  the  ne- 
ceflkry  information  refpefting  his  future  progrefi.    ' 

I  proceed,  therefore,  to  inform  you,  that  it  is  by 
nftronomy  chiefly  we  are  enabled  to  deteruiine  the 
Jatitude  and  lon^tude  of  the  place  where  we  are  j 
unci  that  I  may  not  tire  you  by  a  tedious  detail  of 
'a\\  t!ie  methods  which  aftronomers  have  employed 
ior  this  important  purpofe,!  fliall  fatisfy  myfdf  ^yitji 
prdenting  a  general  idea  of  them,  flattering  myfdiF 
tliat  this  N\ill  be  fuflicient  to  convey  to  you  the  know- 
ledge of  the  principles  on  which  every  method  is 
founded. 

'    I  begin  with  the  latitude,  which  is  involved  in 

fcarcely 
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fcarcely  any  difficulty,  whereas  the  determination  of 
the  longitude  fecms  hitherto  to  have  defied  all  human 
refearch,  efpecially  at  fea,  where  the  utmoft  precifion 
is  requifitc.  For  the  difcovery  of  this  laft,  accord- 
ingly, very  coniiderable  prizes  have  been  jM'opofed, 
as  an  encouragement  to  the  learned  to  direct  their 
talents  and  their  induftry  toward  a  difcovery  fo  in- 
terefting,  both  from  its  own  importance,  and  from 
the  honour  and  emolument  which  are  to  be  the  fruit 

ofit- 

I  return  to  the  latitude,  and  the  means  of  afccr- 
taining  it,  referring  to  fome  future  opportunity  a 
more  ample  difcuffion  of  the  longitude,  and  of  the 
different  methods  of  difcovering  it,  efpecially  at  fea. 

Let  the  points  B  and  A  (plate  L  fig.  ^.J  be  the  poles 
of  the  earth ;  B  A  its  axis,  and  C  its  centre ;  let  the 
iemicircle  BDA  reprefent  a  meridian,  intcrfecled  by 
the  equator  at  the  point  D ;  and  BD,  AD,  will  be 
each  the  quadrant  of  a  circle,  or  an  arch  of  90  de- 
grees :  the  ftraight  line  D  C  v/ill  therefore  be  a  radius 
of  the  equator,  and  DE  its  diameter. 

Let  there  now  be  aliumed  in  this  meridian  BDA, 
the  point  L,  the  given  place,  of  which  the  latitude  is 
required,  or  in  other  words,  the  number  of  degrees 
contained  in  the  arch  LD,  which  meafures  the  diflancc 
of  the  point  L  from  the  equator ;  or  again,  drawing 
ihe  radius  CL,  as  the  arch  LD  meafures  the  angle 
DCL,  wliich  I  iliall  call  j,  this  angle  y  will  exprcfs 
ihe  latitude  of  the  place  L,  which  we  want  to  find, 
f  Now  it  being  impoillblc  to  place  ourfelves  at  the 
t^  centre 
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poic  is  52^  3 1^  and  bence  we  condiide  that  tfaelati* 
tu4e  of  that  city  iailikewife  52^.3^1'* 

This  is  one  very  remarkable  inflance  ttt  damm* 
fixate  how  the  heaven  8  n!iay  aflift  ii»  in  die  attaiuncn t 
of  the  knowledge  of  objeds  which  rebt«  otaly  tQ  tfaa 
earth* 

.    i^tb  Sifitmitrt  iy6u 
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Knowledge^  fie  Ltrnph^^  from  a  Cakuktim  tf  the 
Di'reSien^  and  tfihe  Bf ace  faffed  ibreuf^. 

1  NOW  proceed  to  the  longitude;  and  remark th»t^ 
.  on  taldng  a  dqNtttare,  whether  by  land  or  water* 
from  a  known  place,  it  would  be  cafy  to  afcerlaia 
^  fpot  we^  had  reached,  did  we  know  ezacUy  the 
length  of  the  road,  and  the  direction  which  we  pur* 
fued.  This  might,  in  fuch  a  cafe,  be  effeded  even 
without  the  aid  of  affaronomy ;  and  this  obliges  me 
to  enter  into  a  more  particular  detail  on  the  ful]geA« 

We  meafure  the  length  of  a  road  by  feet;  we 
know  how  many  feet  go  to  a  mile,  and  how  msmy 
miles  go  to  an  arch  of  one  degree  upon  the  globe : 
thus  we  are  enabled  to  expreis  in  deuces  the  diflance 
.we  have  travelled. 

As  to  the  route  or  dife^on  in  which  we  travel, 
it  is  necellary  accurately  to  know  the  pofition  of  the 
jneridim  at  every  place  where  we  are.  As  the  me- 
ridian proceeds  in  one  direction  toward  the  north 

-         ^  pole* 
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pole,  and  in  the  other  toward  the  fouth ;  you  have 
only  to  draw,  on  the  horizon  of  the  fpot  where  you 
are,  afiraight  line  from  north  to  fouth,  which  is  called 
the  meridian  Vine  of  that  place.  All  poifible  care  muft 
be  taken  to  trace  this  meridian  line  very  accurately, 
and.  here  the  heavens  muft  again  perform  the  office 
of  a  guide. 

You  know  it  is  mid-day  when  the  fun  is  at  his 
greateft  elevation  above  the  horizon ;  or,  which  is 
the  fame  thing,  the  diredion  of  the  fun  is  then  ex- 
aftly  fouth,  and  the  fliadow  of  a  ftaff  fixed  perpen- 
dicularly on  a  horizontal  plane  will  fall,  at  that  in- 
fiant,  precifdy  northward.  Hence  it  is  eafy  to  com- 
prehend,  how  an  obfervation  of  tlie  fun  may  fumifli 
OS  with  the  means  of  accurately  tracing  a  meridian 
line,  wherever  we  may  be. 

Having  traced  a  meridian,  every  other  direction 
is  very  eaiily  determined. 

Let  the  ftraight  line  N  S  (plate  I  Jig.  6.  J  be  the 
meridian,  one  of  the  extremities  N  being  direded 
toward  the  nortli,  and  the  other  S  toward  the  fouth. 
"^th  this  meridian  let  there  be  drawn  at  right 
angles  the  ftraight  line  EW,  whofe  extremity  E 
(hall  be  dirc<5led  toward  the  eaft,  and  the  otiicr  ex- 
tremity W  toward  the  weft.  Having  divided  the 
drde  into  i6  equal  parts,  we  fliall  have  fo  many 
Afferent  directions,  denominated  according  to  the 
letters  affixed  to  them ;  and  in  cafe  of  not  purfuing  a 
direction  which  exactly  correfponds  with  fome  one 
of  the  iixteen,  the  angle  muft  be  marked  which  that 

Vol.  II.  N  deviating 
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deviating  line  of  diredion  makes  wiih  the  meridian 
NS,  or  with  £W,  which  b  perpendicular  to  it. 

It  is  thus  we  are  enabled  to  determine  ezaftly  the 
diredtion  which  we  purfue  in  traydling;  and  fb  long 
as  we  are  aflured  of  the  length  of  the  way,  and  of 
the  diredion  purfued,  it  will  be  very  eafy  to  a&er- 
tain  the  true  place  at  which  we  have  arrived,  and 
to  indicate  both  its  longitude  and  latitude.  We  em- 
ploy, for  this  purpofe,  an  accurate  map,  which  om- 
tains  the  point  of  departure,  and  that  which  we  have 
reached ;  and  by  means  of  the  fcafle,  which  ^ves  the 
quantity  of  miles  >or  leagues  that  go  to  a  degree,  it 
is  eafy  to  trace,  on  fuch  map,  the  track  purfued  and 
completed. 

Figure  7.  of  plate  I.  repreients  a  map,  on  which  are 
marked  from  left  to  right  the  degrees  of  latitude, 
and  thofe  of  longitude  from  top  to  bottom ;  it  is 
likcwife  viTible,  on  the  face  of  it,  that  the  meridians 
converge  as  they  approach  toward  the  north,  and 
retire  from  each  other  toward  the  fouth,  as  is  the 
acliial  cafe  on  the  globe.* 

Tills  map  contains  part  of  the  furface  of  the  earth, 
from  the  53d  degree  of  north  latitude  to  tlie  59th 
degree  ;  and  from  the  1 3th  degree  of  longitude  to 
the  26th. 

Suppofe,  then,  I  take  my  departure  from  the  place 

*  All  that  the  author  fays  in  the  fcquel  on  this  fubje^ly  is  ap« 
pllcable,  Aridily  fpeaking,  only  to  marine  charts ;  but  apparently 
he  did  not  thhik  himfelf  obliged  to  enter  into  any  detail  on  their 
particular  conftrudion. — F«  £• 
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L,  the  lon^tude  of  which  is  1 6®,  and  the  latitude 
57°  20',  and  that  I  proceed  in  the  direction  ESE ; 
and  have  travelled  a  fpace  of  75  German  miles.  In 
order  to  determine  the  longitude  and  latitude  of  the 
place  I  have  reached,  I  draw  from  the  place  L  the 
firaight  line  LM,  making  with  the  meridian  16°  16^ 
the  fame  angle,  which  the  direftion  ESE  in  the  pre- 
ceding  fij^re  makes  with  N.  Then  on  that  line  I 
take,  according  to  the  fcale  marked  on  the  charts 
LM  equal  to  75  German  miles,  and  the  point  M 
iliall  be  the  place  which  I  have  reached. 

I  have  then  only  to  compare  this  place  with  the 
meridians  and  parallels  traced  on  the  map,  and  I 
find  that  it's  longitude  is  24^  nearly ;  and  on  mea« 
furing  more  exaftly  the  part  of  the  degree  to  be 
added  to  the  24th  degree,  I  find  the  lon^tude  of  the 
poiat  M  to  be  24^  4^  As  to  the  latitude,  I  obferve 
it  to  be  between  the  55th  and  56th  degree,  and,  by 
an  eafy  computation,  I  find  it  to  be  55^  25^ ;  fo  that 
the  latitude  of  the  place  M,  which  I  have  reached,  is 
^^^  25',  and  its  longitude  24^  4^ 

It  has  here  been  fuppofed  that  I  have  invariably 
purfued  the  fame  direAion  ESE,  from  firfl;  to  laft  : 
but  if  I  have  from  time  to  time  deviated  from  that 
<fire^on,  I  have  only  to  perform  the  fame  operation 
on  each  deviation,  to  find  the  place  where  I  then 
was ;  from  this  I  take  a  freih  departure,  and  trace 
my  direAion  till  another  deviation  takes  place,  and 
fo  on,  till  I  reach  my  object.  By  thefc  means  it  is 
always  in  my  power,  whether  travelling  by  fea  or 
land,  to  afcertain  the  place  I  have  reached ;  pro* 

N  2  vided 
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.IV  :  know  caLaftly,  through  my  whole  progrefs, 
•^v  ,"r.r«dion  I  purfue,  and  meafure  with  equal  ac* 
^'4  wy  the  length  of  the  way. 

\Vc  might  in  this  cafe  difpenfe  even  with  the  af- 
auiince  of  aftronomy,  unlefs  we  had  occaiion  for  it 
jurcuratcly  to  determine  our  direction,  or  the  angle 
which  it  makes  with  the  meridian ;  but  the  magnetic 
needle  or  compafs  may,  in  many  cafes,  fupply  this 
want. 

You  muft  be  fcnfible,  however,  that  it  is  poflible 
to  make  a  very  confiderable  miftake  both  in  the 
computation  of  the  direftion,  and  of  the  length  of 
the  way,  efpecially  in  very  long  voyages.  How  often 
is  it  neceflary  to  change  the  direction  in  travelling 
even  from  hence  to  Magdeburg  ?  and  how  is  it  pof- 
fiblc  to  meafure  exaftly  the  length  of  the  w^y?  But 
when  we  travel  by  land,  we  are  not  reduced  to  this 
expedient :  for  we  are  enabled  to  meafure  by  geo- 
metrical experiments  the  diftance  of  places,  and  the 
angles  which  the  diftances  make  with  the  meridian 
of  every  place ;  and  thus  we  can  determine,  wth 
tolerable  accuracy,  tlic  true  fituation  of  all  places. 

^th  September y  176 1. 
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Continuation.     Defcils  of  this  Method. 

A  METHOD  of  obferving  the  direction  puiHued, 
and  the  length  of  the  courfc,  fccms  to  be  of 
ilngular  utility  in  fea  voyages,  bccaufc  there  \\c  arc 

not 
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not  under  the  neceflity  of  deviating  from  the  direc- 
tion every  moment,  as  in  travelling  by  land ;  for, 
^th  the  fame  wind,  we  can  proceed  in  the  lame 
direction. 

Pilots  are  accordingly  very  attentive  in  exaftly  ob- 
ierving  the  courfe  of  the  veiTd,  and  in  meafiiring 
the  progrefs  fhe  has  made.  Tliey  keep  an  accurate 
journal  of  all  thefe  obfervations,  at  the  clofe  of  every 
day,  nay  ftill  more  frequently ;  they  trace  on  their 
fea-charts  the  progrefs  they  have  made,  and  thus  are 
enabled  to  mark  on  the  charts,  for  every  period  of 
time,  the  point  where  they  arc,  and  of  which  they 
confequently  know  the  latitude  and  longitude.  Ao* 
cordingly,  fo  long  as  the  courfe  is  regular,  and  the 
vefiei  is  not  a^tated  by  a  tempeft,  good  pilots  are 
leldom  miftaken :  but  when  they  are  in  doubt,  they 
have  recourfe  to  aftronomical  obfervations,  from 
which  they  difcover  the  elevation  of  the  pole  j  and 
this  being  always  equal  to  the  latitude  of  the  place 
where  they  are,  they  compare  it  with  that  which 
they  have  marked  on  the  chart,  conformably  to  the 
computation  of  their  progrels.  If  thefe  are  found  to 
coincide,  their  computation  is  juft ;  if  they  difcover 
a  difference,  they  conclude  with  certainty  that  fome 
error  has  been  committed,  in  the  computation  of 
the  diftance,  and  of  the  courfe ;  in  that  cafe,  they 
re-examine  both  the  one  and  the  other  more  care« 
fully,  and  endeavour  to  apply  the  neceflary  correc- 
tions, in  order  to  make  the  computation  agree  witli. 
the  obfervation  of  tlie  height  of  the  pole^  or  of  the 
latitude,  which  is  equal  to  it. 

N3  TVfisk 
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This  precaution  may  be  fufEcient  in  fliort  voyages, 
as  the  errors  committed  can  in  thefe  be  of  no  great 
importance ;  but  in  very  long  voyages,  thefe  flight 
milcakes  may  accumulate  to  fuch  a  degree,  that,  at 
laft,  a  very  grois  miftake  may.be  committed,  and 
the  place  where  the  veflel  afhially  is  may  differ  con- 
fiderably  from  what  it  was  fuppofed  to  be  on  the 
chart. 

I  have  hitherto  gone  on  the  fuppofition  that  the 
Toyage  proceeded  quietly ;  but  fliould  a  fiorm  arife, 
during  which  the  veffd  is  fubjeded  to  the  rudeft 
concuffions  of  wind  and  waves,  it  is  evident  that 
the  computation  of  diftance  and  courfe  is  entirely 
deranged,  and  that  it  is  impoffible  to  trace  on  the 
chart  the  progrefs  flie  has  made. 

It  would  be  very  eafy,  after  this  derangement,  to 
ufcertain,  by  afironomical  obfervations,  the  latitude 
of  the  fhip's  place ;  but  this  would  determine  only 
the  parallel  of  that  place,  and  it  would  remain  totaUy 
uncertain  at  what  point  of  the  parallel  ihe  actually 
was. 

It  is  neceffary,  therefore,  to  difcover  likewife  the 
K^ngitudc  of  the  place,  which  fhews  us  the  meridian 
under  which  it  is  fituated ;  and  then  the  interfe<ftion 
ot  that  meridian  with  the  parallel  found,  will  give 
the  vciVd's  true  place.  This  will  make  you  fenfible 
oi  what  importance  it  is  to  aflift  mariners  in  difco- 
voriuj;;  like  wife  the  longitude  of  the  place  where 
thcv  are. 

I'hi^  ncccffity  is  impofcd  not  only  from  the  con- 
fuLi  \\\<^i\  of  the  tcmpcfts  to  which  navigation  is  li- 

/  able ; 
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able ;  for  it  is  poflible,  fuppofing  the  voyage  to  pro- 
ceed ever  fo  qiiietly,  to  be  grofsly  miftaken  in  the 
computation  of  both  courfe  and  diftance.  Could  we 
Ibppofe  the  lea  to  be  at  reft,  it  might  be  poflible  to 
invent  various  methods  of  afcertaining,  with  tole« 
rable  exadnefi,  the  way  which  the  yeffel  has  made  ; 
but  there  are  rapid  currents  in  many  places  oF  the 
CKean,  which  have  the  refemblance  of  a  river  run* 
•  ning  in  a  certain  direction.  Thus  it  is  obferved, 
that  the  Adantic  ocean  has  a  perpetual  current  into 
the  Mediterranean  fea,  through  the  ftraits  of  Gib- 
raltar ;  and  that  the  ocean,  between  Africa  and 
America,  has  a  very  confiderable  current  from  eaft 
to  weft,  fo  that  a  voyage  to  America  is  performed 
in  much  lefi  time  than  a  voyage  from  America  to 
Europe. 

Were  fuch  currents  confbmt  and  well  known^  we 
fliould  have  confiderable  afiiftance  toward  forniing 
our  calculations :  but  it  has  been  obferved,  that  they 
are  fometimes  more,  fometimes  lels  rapid,  and  that 
they  frequently  change  their  dire£don ;  which  de« 
ranges  the  calculations  of  the  mof^  fkilful  navigator 
to  fuch  a  degree,  that  it  is  no  longer  iafe  to  truft 
them.  We  have  but  too  many  fatal  inftancea  of 
fliips  dafhed  on  concealed  rocks,  and  lofl,  becauie 
theie  were  computed  to  be  ftiU  at  a  confiderable  di£p 
tance.  It  was  afterwards  difcovered,  when  too  late, 
that  tbefe  calamities  had  been  occafioned  by  the  cur« 
rents  of  the  ocean,  which  deranged  the  calculations 
of  navigators. 
In  faft,  when  the  ocean  has  ^current  which  makes 

N4  k 
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it  flow  like  a  river,  following  a  certain  diireftiooy 
vefTels  caught  in  it  are  carried  away  imperceptibly. 
In  a  river  we  clearly  perceive  that  the  current  b  caiv 
rying  us  along,  by  obferving  the  bwl^.or  the  bot- 
tom :  but  at  fea  no  land  is  vifiUe,  and  .the  depth  is 
too  great  to  admit  of  our  making  any  obfervation 
from  the  bottom.  At  fea,  then,  it  is  impoffible  to 
difcern  the  currents ;  and  hence  fb  many  dreadful 
mifiakes,  refpe<Eting  both  courfe  and  jdiflance* .  Whe- 
ther, therefore,  we  take  tempeflsiiitotJic.  account, 
or  not,  we  are  always  under  .the  iij6ceflH^  (if  ^^^^ 
on  other  methods  of  aibertsdning  the  king^tode  dt 
the  places  where  we  may  arrive }  abd  of  the  yarioos 
methods  hitherto  employed  for  acquiring  this  know- 
ledge of  the  longitude,  I  now  proceed  to  inform 
you. 

I  ith  September i  1761. 

LETTER    XLVin. 

Second  Method  of  determining  the  Longitude ^  by  Means 

of  an  exafl  Time  Piece. 

AVERY  fure  method  of  finding  the  longitude, 
would  be  a  dock,  watch,  or  pendulum,  fo 
perfed,  that  is  to  fay,  which  fhould  always  go  fo 
equally,  and  fo  exa6Uy,  that  no  concuilion  fhall  be 
able  to  afie^i:  its  motion. 

Suppofing  fuch  a  time^piece  conftmded,  let  us  fee 
in  what  manner,  by  means  of  it,  we  fhould  be  eh- 
abled  to  folvc  the  problem  of  the  longitude.    We 
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muft  return,  for  this  purpofe,  to  the  confideration  of 
meridianSy  which  we  are  to  conceive  to  be  drawn 
through  every  place  on  the  furface  of  the  globe. 

You  know  that  the  fun  feems  to  defcribe  every 
day  a  circle  round  tlie  earth,  and  that,  of  confe- 
quence,  he  pafles  fucceffively  over  all  the  meridians 
in  the  fpace  of  twenty-four  hours. 

N0W9  the  fun  is  faid  to  pafs  over^  or  through  a 
given  meridian,  if  a  (Iraight  line  drawn  from  the 
fun  to  the  centre  of  the  earth  C,  (plate  hfi%*  8.  J  pais 
prediely  through  that  meridian.  If  therefore,  in  the 
prefimt  cafe,  the  line  drawn  from  the  fun  to  the 
centre  of  the  earth  pafs  through  the  meridian  BLM  A, 
we  would  fay  tl;^at  the  fun  was  in  that  meridian,  and 
then  it  would  be  mid-day  to  all  the  places  fituated  « 
under  fuch  meridian;  but  under  every  other,  it 
would  not  be  mid-day  at  that  precife  inftant ;  it 
would  there  be  before  noon  or  after  it,  every  where 
elic. 

If  the  meridian  BNA  is  fituated  to  the  eaftward 
of  the  meridian  BMA,  the  fun,  in  making  his  cir- 
cuit from  eaft  to  weft,  muft  pafs  over  the  meridian 
BNA  before  he  reaches  the  meridian  BMA;  con- 
fequently  it  will  be  mid-day  under  the  meridian 
BNA  earlier  than  under  the  meridian  BMA;  when, 
therefore,  it  (hall  be  mid*day  under  this  laft  meri- 
dian, mid-day  under  every  other  meridian  to  the 
eaftward  will  be  already  paft,  or  it  will  be  afternoon 
with  them.  On  the  contrary,  it  will  be  ftill  fore- 
noon under  every  meridian^  lay  BDA,  fituated  to 

the 
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the  weftw;ird,  as  the  fun  cannot  reach  it  till  he  has 
paflTcd  over  the  meridian  BMA. 

And  as  the  motion  of  the  fun  is  regular  and  uni* 
form,  and  he  completes  his  circuit  of  the  globe,  that 
is  360  degrees,  in  twenty-four  hours,  he  muft  every 
liour  defcribe  an  arch  of  15  degrees.     Wlien,  there- 
fore, it  is  noon  at  Berlin,  and  at  every  other  place 
fituated  under  the  fame  meridian,  noon  will  be  al- 
ready paft  under  meridians  fituated  to  the^eaftward  ; 
and  more  particularly  ftill  under  the  meridian  fitu- 
ated 1 5  degrees  to  the  eaftward  of  that  c^  Berlin,  it 
will  already  be  one  o'clock ;  under  the  meridian  30 
degrees  eaftward,  two  o'clock ;  under  that  of  45  de- 
grees, three  o'clock  afternoon,  and  fo  on.   The  oon- 
trary  will  take  place  under  meridians  fituated  to  the 
wcilward  of  that  of  Berlin ;  when  it  is  noon  there, 
it  will  be  only  eleven  o'clock  forenoon  under  the 
meridijn  15  degrees  to  the  weftward,  ten  o'clock 
under  tlic  meridian  of  30,  nine  o'clock  under  the 
mcridiiiii  of  45  degrees  weftward,  and  fo  on  ;  a  dif- 
fer j:icc  oi  15  degrees  between  two  meridians  always 
aniountin  i^  to  an  hour  of  time. 

To  elueidate  ftill  more  clearly  what  has  now  been 
rciTiarkcd,  let  us  compare  the  two  cities  Berlin  and 
P.iris.  As  the  meridian  of  Berlin  is  11°  17^  15",  to 
the  tr.rtward  of  that  of  Paris,  reckoning  an  hour  to 
15  degrees,  this  difference  of  11^  7'  i^'\  will  give 
44  minutes  and  29  feconds  of  time,  or  three  quar- 
ters of  an  hour  nearly.  When,  therefore,  it  is  mid- 
day at  Paris,  it  will  be  44  minutes  and  29  feconda 

after 
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after  mid-day  at  BerEn  ;  and  reciprocally,  when  it 
b  mid-day  at  Berlin^  it  will  only  be  1 5  minutes  and 
3 1  feconds  after  eleven  o'clock  at  Paris :  fo  that  it 
win  not  be  noon  at  this  laft  city  till  44  minutes  and 
«9  ieconds  afterwards.  Hence  it  is  evident  that  the 
clocks  at  Berlin  fhould  always  be  fafter  than  thofe  of 
Fuis,  and  that  this  difference  ought  to  be  44  mi- 
nutes and  29  feconds. 

The  difference  between  the  meridians  of  Berlin 
and  Magdeburg  is  i^  40^  Berlin  therefore  is  to  the 
caftward  of  Magdeburg ;  and  this  difference  reduced 
to  time  ^ves  6  minutes  and  40  feconds,  which  the 
clocks  of  Berlin  ought  to  indicate  more  than  that 
of  Magdeburg.  Confcquently,  if  it  is  juft  now  noon 
at  Magdeburg,  and  the  clocks  there,  which  I  fup- 
poie  well  regulated,  point  to  XII.  the  clocks  at  Ber- 
lin Ihould,  at  the  fame  inftant,  indicate  6  minutes 
and  40  feconds  after  XII,  that  is,  noon  there  is  al« 
rea^y  paft. 

Hence  you  fee,  that  in  proportion  as  places  differ 
in  longitude,  or  as  they  are  (ituated  under  different 
meridians,  well  regulated  time-pieces  ought  not  to 
point  out  the  fame  hour  at  the  fame  infiant,  but  the 
difference  ought  to  be  a  whole  hour,  when  that  of 
the  lon^tude  is  1 5  degrees. 

In  employing  a  time-piece  then  for  afcertaining  the 
longitude  of  the  places  through  which  we  pafs,  it 
would  firft  be  neceffary  to  regulate  it  exadly  at  fomc 
place  where  we  aftually  were.  This  is  done  by  ob- 
ferving  the  inftant  of  noon,  that  is  the  inftant  when 
the  fun  paffes  over  the  meridian  of  that  place  j  and 
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the  time-piece  ought  then  to  point  predfdy  to  XII. 
It  ought  afterwards  to  be  adjufted  in  fuch  a  manner, 
that  always  after  a  revolution  of  24  hours,  when  the 
fun  returns  to  the  meridian,  the  index,  after  having 
made  two  complete  circuits,  ihould  again  point  ex- 
aftly  to  XII.  If  this  is  carefully  obfervcd,  fuch  well 
regulated  time-pieces  will  not  coincide  in  different 
places,  unlefs  thefe  be  fituatcd  under  one  and  the  fame 
meridian ;  but  if  they  are  (ituated  under  different 
meridians,  that  is  if  there  be  a  difference  of  longi- 
tude, the  time  indicated  by  the  clock  or  watch,  at 
the  fame  moment,  will  likewife  be  different ;  at  the 
rate  of  one  whole  hour  of  time  for  every  1 5  degrees 
of  longitude. 

Knowing  then  the  difference  of  time,  indicated  by 
well  regulated  time-pieces,  at  different  places,  and 
at  the  lame  inftant,  we  are  enabled  cxaclly  to  com- 
pute tlie  difference  of  longitude  at  thefe  two  places, 
r.'ckoning  always  1 5  degrees  for  an  hour,  and  the 
fourth  part  of  a  degree  for  a  minute. 

LETTER  XLIX. 
Coniinuaiion^  Hud  farther  Elucidations. 

YOU  will  be  lefs  furprifed  at  the  difference  of 
time  which  well  regulated  time-pieces  muft  in- 
dic;itc,  under  different  meridians,  when  you  reflect, 
that  while  it  is  noon  with  us,  there  are  countries  to- 
ward the  eaft,  where  the  fun  is  already  fet,  and  that 

there 
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there  are  others  toward  the  weft,  wliere  he  is  but 
juft  rifing.  It  muft  therefore  be  already  night  with 
the  one,  and  ftill  morning  with  the  other,  at  the 
fame  inftant  tint  it  is  noon  with  us.  You  know, 
befides,  that  with  our  antipodes,  who  are  under  the 
meridian  diametrically  oppofite  to  ours,  it  is  night, 
"while  it  is  day  with  us ;  fo  that  our  noon  correfponds 
cxafily  to  their  midnight. 

It  will  be  an  eafy  matter,  after  thcfe  elucidations, 
to  ihew  how  an  exact  time-piece  may  aflift  us  in  dif- 
covering  the  difference  of  meridians,  or  that  of  the 
lon^tude,  at  different  places. 

Suppofing  me  poffeffed'of  fuch  an  excellent  time* 
piece,  which,  once  exacUy  regulated,  Ihews  me  every 
day  the  precife  time*  it  is  at  Berlin,  fo  that  wlicn- 
ever  it  is  noon  at  Berlin,  it  points  precifely  to  XII. : 
fiippofing  farther,  that  it  goes  fo  regularly,  that  once 
adjultcd,  I  have  no  farther  occalion  to  touch  it,  and 
that  it's  motion  is  not  to  be  deranged  either  by  tlie 
Ihaking  of  a  carriage,  or  the  agitation  of  a  vcffel  on 
the  ocean,  or  by  any  concufliou  whatever  to  which 
it  may  be  cxpofed. 

Provided  thus,  with  a  time-piece  of  this  defcrip- 
tion,  I  fet  out  to  travel,  whether  by  land  or  by  fca ; 
perfccUy  allured  that,  go  where  I  will,  it's  motion  will 
be  fteady  and  uniform,  as  if  I  had  remained  at  Berlin  : 
it  will  every  day  point  to  XII.  at  the  very  moment 

•  Wc  muft  here  undorfiand  the  mean  (in  French  moyen)  lime 
^nrhofe  relation  to  the  true  time  is  laid  down  in  aftrononiical  tubh  s. 
The  author  deemed  it  unnec**niiry  here  to  point  out  that  diru'iK- 
tton,  as  it  would  have  led  to  a  detail  too  iiiiui.tc. — F.  E, 

it 
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it  is  noon  at  Berlin,  and  that,  wherever  I  may  happen 
to  be.  On  this  journey,  I  arrive  firft  at  Magdeburg: 
there  I  obferve  the  fun  when  he  pafles  the  meridian, 
and  this  happens  when  he  is  exa6Uy  ibuth ;  and  it 
being  then  noon  at  Magdeburg,  I  confult  my  tivic* 
piece,  and  obiierve  it  points  to  6  minutes  and  40  C> 
conds  after  XIL :  whende  I  conclude,  that  when  it  is 
noon  at  Magdeburg,  noon  at  Berlin  is  already  pail, 
and  that  the  difference  is  6^  40^,  df  time,  which  cor- 
re(pond  to  i*^  40^  of  diftance ;  therefore  the  meridian 
of  Magdeburg  is  to  the  weftward  of  that  of  Berlin. 
The  lonj^tude  of  Berlin,  therefore,  being  31*  /  15*, 
tlie  longitude  of  Magdeburg  will  be  i^  40'  lefi,  that 
is,  it  will  be  29^  27'  15''. 

I  thence  proceed  to  Hamburgh,  accompanied  by 
my  time-piece,  which  I  never  touch ;  and  there  ob- 
fcrving  when  it  is  noon  by  the  fun,  for  I  cannot  de- 
pend on  the  public  clocks  which  there  announce  the 
hour,  I  find  my  time-piece  already  announces  13''  33* 
after  XIL;  fo  th.it  at  Berlin  noon  is  pafTed  13'  33' 
\\  lien  it  is  exacHy  noon  at  Hamburgh^  hence  I  con- 
cUuIm*,  that  tlie  meridian  of  Hamburgh  is  3^  23''  15" 
to  the  weftwaril  of  that  of  Berlin ;  reckoning  1 5^,  to 
ail  houYj  tliat  is  one  degree  for  every  4  minutes  of 
time;  accordingly  I  find  that  13'  33'' of  time  give 
3'  23  is'  of  diftance,  fcr  tlic  difference  of  the  me- 
ridians. The  longitude  of  Hamburgh  will  be,  of 
courfe,  27'^  44'. 

At  Hamburnrh  I  go  to  fea,  ftill  accompanied  by  my 
timepiece,  and  after  a  long  voyage  I  arrive  at  a  place 
wliere,  waiting  for  noon,  the  moment  of  which  I 

afcertain 
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afcertain  by  obferving  the  fun,  I  find  that  my  time-i 
piece  indicates  only  58'  15''  after  X.  fo  that  then  it 
is  not  yet  noon  at  Berlin,  and  die  difference  of  time 
is^i  hour  1'  45^',  from  which  I  conclude,  that  the 
place  at  which  I  have  arrived  is  to  the  eaftward  of 
Berfin ;  and  as  one  hour  gives  1 5  degrees,  one  mi- 
nute of  time  15^,  and  45  feconds  of  time  11'  15'', 
the  difference  of  the  meridians  will  therefore  be  1 5^ 
ft6^,  15'.  I  find  then  that  I  am  at  a  place  to  the  eaft- 
ward of  Berlin,  whofe  longitude  is  greater  than  that 
of  Berlin  by  1 5^  26^  1 5" ;  now  the  longitude  of  that 
dly  being  31**  7^  is"j  the  longitude  of  the  place 
where  I  am  muf):  be  46"  33'  30''.  Thus  I  have  dlf- 
cxyyered  under  what  meridian  I  now  am,  but  I  am 
fiill  uncertain  as  to  the  point  of  the  meridian.  In 
order  to  afcertain  this  I  have  recourfe  to  aftronomi- 
cal  ob&rvations,  and  find  the  height  of  the  pole  to 
be  precifely  41°.  Knowing  hkewife  that  I  am  ftill  in 
the  northern  hemifphere,  as  I  have  not  pafled  the 
equator,  I  difcover  that  I  actually  am  at  a  place  whole 
latitude  1341*^  north,  and  the  longitude  46^  33^  30'. 
I  take  therefore  my  globe,  or  maps,  and  trace  the 
meridian  whofe  longitude  is  46^  33''  30";  I  look  for 
the  place  whofe  latitude  is  41^,  and  at  the  point  of 
interfection  I  find  I  have  got  to  the  city  of  Conftan- 
tinople,  without  having  occafion  to  apply  for  infor- 
mation  to  any  perfon  wliatcvcr. 

Thus,  at  whatever  place  of  the  globe  I  may  ar- 
rive, pofTeiled  of  a  time-piece  fo  exact,  I  am  able  to 
afcertain  the  longitude  of  it,  and  then  an  obfcrvation 
of  the  height  of  the  pole  will  fliew  me  it*s  latitude. 
All  that  remains  therefore  is  to  take  the  terreftrial 
7  Sl^^tje, 
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globe,  or  a  good  map,  and  it  will  be  eafy  for  me  to 
afcertain  where  I  am,  however  unknown  to  me  the 
country  may  in  other  refpccb  be. 

It  is  much  to  be  regretted,  that  artifts  of  the 
greateft  ability  have  hitherto  been  unfuccelsfid  in  the 
conftruftion  of  time-pieces  fuch  as  I  have  deicribed, 
and  fuch  as  the  cafe  requires.  We  meet  with  a  great 
many  very  good  pendulum  machines,  but  they  go 
regularly  only  when  fixed  in  undifturbed  fituations  ; 
the  flightcft  concuflion  is  apt  to  derange  their  motion; 
they  arc  therefore  totally  ufelefs  in  long  fea  voyages* 
It  is  obvious  that  the  pendulum,  which  regulates  the 
motion,  is  incapable  of  refifting  the  ihocks  to  which 
it  is  expofed  in  navigation.  About  ten  years  ago^ 
however,  an  Englifh  artifl  pretended  that  he  had 
conflruclcd  a  time-piece  proof  againft  the  motion  of 
a  fliip  at  fea,  and  that  after  having  tried  it  a  long 
time  together  in  a  carriage  on  the  road,  it  was  im* 
pofliblc  to  perceive  the  flightefl  derangement:  on 
wliich  the  inventor  claimed,  and  received  part  of  the 
piirliamcntary  prize  propofed  for  the  difcovery  of  the 
longitude,  and  the  reft  was  to  be  paid,  after  it  had 
been  put  to  the  proof  of  a  long  voyage.  But  fince 
that  time  we  have  heard  no  more  of  it ;  from  which 
it  is  to  be  prcfumed  that  this  attempt  too  has  failed, 
like  many  others  which  had  the  fame  object  in  view*. 

J(^to  St/>fc  m  bt'f ,  I ;  6 1 . 

•  The  Author  is  here  undoubtedly  alluding  to  Mr.  Ha,rif<m^ 
-»  :..■  c  murine  tiiiK'-piecc  has  been  tried  with  luccefs  in  England. 
"^..J's.  h  Roy  and  Bf.t:hoLt  kave^  in  i'fance,  approved  their  talentf 
i  i-c  ume  way. — £.  E* 

LETTER 
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LETTER   L. 

Edicts  of  the  Moorij  a  Third  Method  of  finding  the 

Longitude. 

FROM  want  of  the  exquifite  time-piece,  of  which 
I  have  endeavoured  to  give  you  an  ideia,  the 
cdipfes  of  the  moon  have  hitherto  been  coniidered 
as  the  moft  (pertain  method  of  difcovering  the  longi- 
tude; but  thefe  phenomena  prefent  themfelves  fo 
rarely,  that  we  have  it  not  in  our  power  to  employ 
them  fo  often  as  occafion  requires. 

You  know  that  the  moon  is  eclipfed,  when  it  pafles 
into  the  fliadow  of  the  earth :  it  is  poilible,  then,  to 
ofaferve.  the  moment  when  the  moon  begins  to  enter 
into  the  ihade,  and  when  flie  has  emerged  \  the  one 
is  denominated  the  beginning  of  the  edipfe,  and  the 
other  its  end ;  and  when  both  are  obferved^  the 
mean  time  betwixt  them  is  denominated  the  middle 
of  the  edipfe.  The  moon  is  fometimes  wholly  im- 
merged  in  the  fhadow  of  the  earth,  and  remains  for 
fome  time  invifible  \  this  we  caU  a  total  eclipfe,  during 
vhich  we  may  remark  the  moment  when  the  moon 
entirely  difappears,  and  that  when  fhe  begins  to 
emerge;  the  former  is  called  the  beginning  of  total 
darknefs,  and  the  latter,  the  end  of  it.  But  when  a 
part  only  of  the  moon  is  obfcured,  we  call  it  a  partial 
eclipfe,  and  we  can  remark  only  the  moment  of  its 
be^ning  and  ending.     You  know  likewife  that 

Vol.  II.  O  cdipfcs 
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edipfes  of  the. moon  can  happen  only  at  the  full,  and 
that  but  rarely. 

When,  therefore,  ah  edipfe  of  the  moon  is  ob- 
fared  at  two  different  places  fituated  under  diffisrent 
meridians,  the  beginning  of  the  edipfe  will  be  dearly 
ieen  at  both,  and  at  the  fame  inftant,  but  the  time* 
^eccs  at  thefe  different  places  will  by  no  means  indi- 
cate the  (ame  hour,  or  any  other  divifion  of  time  ex-^ 
adUy  the  fame :  I  mean«  well  regulated  time-pieces^ 
each  of  which  points  precifely  to  XII.  when  it  is  noon 
at  that  (dace.  If  thefe  places  are  fituated  under  the 
&ne  meridian,  their  time-pieces  will  no  doubt  indi- 
cate the  fame  time  at  the  beginning  and  at  the  end  of 
the'edipfe.  But  if  thefe  two  meridians  are  15  de- 
uces difiant  from  each  other,  that  is,  if  the  di&rence 
of  thdr  longitude  be  1 5^,  the  time-pieces  muft  differ 
a  complete  hour,  from  the  beginning  to  the  end  of 
the  eclipfe ;  the  time-piece  of  the  place  fituated  to  the 
eaftward  will  indicate  one  hour  more  than  the  other ; 
the  difference  of  30°  in  longitude  will  occafion  that 
of  two  hours  in  the  time  indicated  by  \^  ell  regulated 
docks  or  watches ;  and  fo  on,  according  to  the  fol- 
lowing  table. 


DIFFIiREKCE 
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DIFFERENCE    OF    LONGITL'DI:. 

of  Dci^rces.          of  Time. 

15"- 

I  hour. 

30'. 

2. 

45°- 

0' 

60°. 

4. 

75'- 

5- 

giy. 

6. 

105°. 

7- 

120'. 

8. 

135- 

9. 

15^' 

10. 

165'. 

II. 

1800 

12. 

If  therefore  the  difference  of  longitude  were  150-, 
the  time-pieces  would  differ  10  hours  from  tlic  be- 
ginning to  the  end  of  the  eclipfe. 

Thus  when  the  fame  eclipfe  is  obferved  at  two 
different  places,  and  the  moment  of  it's  commence- 
ment is  exactly  marked  on  the ,  time-pieces  at  each, 
it  will  be  eafy  to  calculate,  from  •  the  differ.ence  of 
the  time  indicated,  the  difference  of  longitude  be- 
tween the  two  places.  Now,  that  where  the  time  is 
more  advanced,  muft  be  fituated  more  toward  the 
caft,  and  confequently  it's  longitude  greater,  as  lon- 
gitude is  reckoned  from  weft  to  eaft. 

By  fuch  means,  accordingly,  the  longitude  of  the 
principal  places  on  tfie  globe  have  been  determined, 

O  2  and 
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aaU  geographical  chaiis  are  conClructed  conformably 
to  theie  dcterminatioits.  But  it  is  always  necefiary 
to  compare  tlie  obfcrv3.tions  made,  in  a  place  the  lon- 
gitude of  which  was  not  already  known,  with  thofc 
which  had  been  made,  in  a  known  place,  and  to  wait 
the  refult  of  that  compariibn.  Were  I  to  arrive  then, 
after  a  long  voyage,  at  an  unknown  phce,  and  an 
opportunity  prcfcnted  itfelf  of  there  obferving  an 


in  the  iirft  infiance, 
the  ,difcovery  of  the 


ecUpfe  of  the  moon  ;  this 
afford  me  no  alTiftance  towai 
longitude  of  that  place ;  I  coi  1  not  till  after  my  re- 
turn compare  my  obfervation  with  another  made  in 
a  known  place,  and  thus  I  d  learn  too  late  where 

I  was  at  that  time.  The  grai  i  point  in  requcft  is. 
How  am  I,  at  the  moment,  to  acquire  the  neceffary 
information,  that  I  may  take  my  meafurcs  accord- 
ingly ? 

Now  the  motion  o£  the  ipooii  bong  to  a^affAf 
known,  it  is  poilible  to  attun  tias  C^i^&dion,  fpr'Wn 
are  thereby  enabled  not  only  to  calculate  b(rftn*Q-llMld 
all  future  eclipfes,  but  to  afcertaia  th9  VKHVtSfft  of 
the  be^nning  and  end,  according  to  tlie  time^M^cc^ 
of  a  £^ven  place.  You  know  that  our  fierlij),  aiipait* 
nacks  aly^ys  indicate  the  baginning  and  the  <!|kL  cH.  ^ 
every  eclipfe  vifible  at  that  city.  In  the  view,  ^icn» 
of  undertaking  a  long  voyage,  I  can  fi^tyift^  Wff^  ' 
with  a  Berlin  almanack,  and  if  an  opportuni^  pvc? 
ients  itfelf  of  obferving  an  eclipfe  of  the  mooa.aSeaQ 
unknown  place,  I  muft  mark  cxadly  th«  tune  of' it, 
by  a  tune-piece  accurately  regulated  by  the  fun  at 
noon,  and  compare  the  moin9qta.(^  ^  b<^ti|^ns 

and 
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luid  end  of  the  edipfe  with  thofe  indicated  in  the 
almanack,  in  order  to  afcertain  the  difference  be* 
tween  the  meridian  of  Berlin,  and  that  which  pafles 
through  the  place  where  I  am. 

But  befide  the  rarity  of  cclipfes  of  the  moon,  this 
method  is  fubjecl  to  a  farther  inconvenience;  we  are 
not  always  able  to  diftinguifh,  with  fuiiicient  accu- 
racy, the  moment  of  the  beginning  and  end  of  the 
edipfe,  which  comes  on  fo  imperceptibly  that  a  mif- 
take  of  feveral  feconds  may  very  eaiily  be  committed. 
But  as  the  miftake'^will  be  nearly  the  fame  at  the  end 
as  at  the  beginning,  we  calculate  the  middle  point  of 
time  between  the  two  moments  obferved,  which  will 
be  that  of  the  eclipfe,  and  we  afterward  compare 
this  with  that  which  is  indicated  by  the  almanack 
for  Berlin,  or  for  any  other  known  place. 

If  the  almanack  for  next  year  fliould  not  be  pul>» 
Kfhed,  when  I  fet  out  on  my  voyage,  or  fuppofing  it 
to  laft  more  years  than  one,  there  are  books  contain- 
ing the  edipfes  calculated  for  feveral  years  to  con^e, 

« 

aZii  Seftcmhr,  1761. 

LETTER  LI, 

Obfervation  of  the  Edipfes  of  the  Satellites  ofyupiter^  a 
Fourth  Method  of  fading  the  Longitude. 

ECLIPSES  of  the  fun  may  likewife  affift  in  afcer* 
taining  the  longitude,  but  in  a  way  that  re« 
quires  more  profound  refearqh,  becaufe  the  fun  is 
not  immediately  obicured ;  it  is  only  the  interpofi^ 

O  3  tioa 
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tion  of  the  body  of  .the  jtnoon^  ^hich  obilbru^  the 
tranfiniflion  of  his  rays  to  us;  as  tirhen  !we  cmfdoy 
a  parafol  to  ihelter  us  from  them,  whtch- proecuts 
not  others  from  bchQlding  all  their  luftre.  .FQr;the 
moon  conceals  the  fun  only  from  part;  of  the  iqba* 
bitants  of  the  earth;  and  an  edipfe  of  the.-fua  xnay 
be  dearly  viUble  at  Berlin,  while  at  Paris  there  is  .no 
interception,  of  his  ]ight.  .   i. 

.  But  the  moon  is  really  eclipfed  by  the  £hadow  of 
the  earth;  her  own  light  is  diminifhed . or  extiiiT 
guiihed  by  it ;  hence  the  eclipjCes  of  thempon  drc 
feea  in  the  fame  manner,  wherever  fhe  ^is  above  ,the 
horizon  at  the  time  of  the  edipfe.  ] , 

.It  cannot  have  efcaped  your  penetration,  thsit  if 
there  were  other  heavenly  bodies  which»  from  tioio 
to  time,  underwent  any  real  ohfcuratiouy  they  might 
be  employed  with  fimilar  fuccefs,  as  the  eclipfes  of 
the  moon,  in  afcertaining  the  longitude.  The  iatd- 
litcs  of  Jupiter,  which  pafs  fo  frequcndy  into  the 
flxadow  of  their  planet,  that  almoft  every  night  one 
or  other  of  them  is  eclipfed,  may  be  ranked  in.  the 
number  of  thefe,  and  furnifli  us  with  another  excel- 
lent method  of  determining  the  longitude.  Aftro- 
nomers  accordingly  employ  ir  with  great  fuccefs. 

You  know  that  Jupiter  has  four  fatellites,  which 
make  their  revolutions  round  him,  each  in  his  own 
orbit,  as  reprefcnted  in  the  annexed  figure  C/>(atc  II. 
Jig.  uj  by  circles  defcribcd  round  Jupiter.  1  Jiave 
likewife  rcpreiented  the  fun  in  this  figure,  in  order 
to  exhibit  the  fliadow  A  OB  behind  the  body  of  Ju- 
piter.    You  fee  the  firfl  of  thcfc  fatellites,  marked  i, 

on 
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cm  the  point  of  entering  into  the  fliadow ;  the  fe- 
cond,  marked  2,  has  juft  left  it ;  the  third,  3,  is 
iUU  at  a  great  diftance,  but  approaching  to  it ;  and 
the  fourth,  4,  has  left  it  a  coniiderable  time  ago. 

As  foon  as  one  of  thefe  fatellites  pafies  into  the 
fhade^  it  becomes  invifible,  and  that  fuddenly;  fo 
that  at  whatever  place  of  the  globe  you  may  happen 
to  be,  the  fatellite  which  was  before  diftincUy  vifible, 
difappears  in  an  inftant.  This  entrance  of  a  fatellite 
into  the  fliadow  of  Jupiter  is  denominated  Imnierfion^ 
and  it's  departure  from  the  fliade  emerjion ;  when  the 
fatdlice,  which  had  for  fome  time  been  invifible,  fud« 

■ 

denly  re-appears. 

The  immerfions  and  emerfions  are  equally  adapted 
to  the  determination  of  the  longitude,  as  they  take- 
place  at  a  decided  inilant ;  fo  that  when  fuch  a  phe- 
nomenon is  obfcrved  at  feveral  places  of  the  globe, 
you  muft  find,  in  the  time  indicated  by  the  time- 
pieces of  each,  the  difference  which  exactly  corre-' 
iponds  to  the  difference  of  the  diftance  of  their  me- 
ridians.  Is  is  the  fame  thing  as  if  we  obferved  the 
beginning  or  the  end  of  an  cclipfe  of  the  moon ;  and 
the  cafe  is  then  involved  in  no  difficulty.  For  fom^ 
'  time  paft  we  have  been  able  to  calculate  thefe  edipfes 
of  the  fatellites  of  Jupiter,  that  is  their  immei'iions 
and  emerfions ;  and  we  have  only  to  compare  the 
time  obferved,  with  the  time  calculated  for  a  given 
place,  fay  Berlin,  in  order  to  condude,  at  once,  the 
diftance  of  it's  meridian  from  that  of  our  capital. 

This  method  is  accordingly  praftifed  univerfally 
in  travdling  by  land :  but  the  means  hv^t  npt  ye( 

O  .f  beca 
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Iwa  difcove^  of  profiting  bf  it  at  ft^ 
ever^  it  is  of  fiiU  greater  iinportauiee  fisr  a  nuoi  to 
know  wkh  certainty  where  he  if.    Were  the  fod* 
litea  of  Jupiter  as  vifihte  to  the  atlscd  Cfe  tti  dw 

mxMX  is,  this  method  would  be  attended  with  no 

* 

difficulty,  even  at  iea,  but  the  obfervation- cannot  bis 
vtade  without  a  tdeCoope  of  at  kaift  fburor.^ve  feet 
in  length,,  a  drcumftance  which  prefents  an  infiir^ 
oimmtaUe  obftadb 

.Tou  widQ  know  that  it  requires  fome  addtefi  to 
mana^  eren  at  land,  a  tdefioope  of  any  lengthy  ta 
cBre^  it  toward  the  obgeft  which  you  wifli  to  eofu 
teniphtte,  and  to  keep  it  fo  fieady  as  not  to  lofe  the 
6lageft:  ycm  wiU  eafily  cbmprehend, then, that  a flii^ 
at  &a,  being  in  a  continual  agitadon,  it  muft  he  i^ 
aoft  iinpoflible  to  catch  Jupiter  hiiniUf ;  andifymr 
could  find  him,  you  would  lofe  him  agadn  in  a  mo^ 
ment.  Now  in  order  to  make  an  accurate  ofaferva^ 
tion  of  the  immerfion  or  emcrfion  of  one  of  the  fiu 
tcUitea  of  Jupiter,  it  is  abfolutely  necefiary  that  you 
fiiould  have  it  in  your  power  to  look  at  him  fl^aiffly 
fpr  fome  time  together,  and  this  being  impoffible  at 
ij^,  we  are,  to  all  appearance,  conftrained  to  aban« 
don  this  method  of  determining  the  longitude. 

This  inconvenience,  however,  may  be  remedied 
two  ways  \  the  one  by  the  conihrudtion  of  tdefcopes 
fix  inches  long,  or  ftill  lefi,  capable  of  difcovering 
cjearly  the  fatellites  of  Jupiter;  and  there  can  be  no 
doubt  that  thefe  would  be  more  manageable  than 
fuch  as  are  four  or  five  feet  in  length.  Artifts  are 
a^u^y  emplpying  themfehres  with  fucceis  in  bring- 
ing 
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ing  tdefcopes  of  this  fort  to  perfedion  i  but  it  has 
not  yet  been  proved  whether  or  not  it  will  require 
as  much  addrels  to  point  them  to  the  objedt,  as  thofe 
vrhich  are  longer. 

The  other  way  would  be  to  contrive  a  chair,  to  be 
ufed  on  ihip-board,  which  ihould  remain  fixed  and 
motionlefi,  fo  as  not  to  be  affeded  by  the  agitation 
of  the  vefleL    It  does  not  feem  impoilible  that  a 
dextrous  mode  of  balancing  might  cScA  this.    In 
fiidy  it  is  not  long  fince  we  read  in  the  public  prints, 
that  an  Englilhman  pretended  that  he  had  conftrufted 
fiurh  a  chair,  and  thereupon  claimed  the  prize  pro- 
poled  for  the  difcovery  of  the  longitude.    His  claim 
was  well  founded,  if  he  indeed  conftrucled  the  ma- 
chine, as  it  would  be  poilible,  by  means  of  it,  to 
cbierve  at  fea  the  immerfions  and  emerfions  of  tlie 
latellites.of  Jupiter,  which  are  undoubtedly  very 
much  adapted  to  the  making  of  this  difcovery :  but 
for  fome  time  paft  no  farther  mention  has  been  made 
of  it.    From  the  whole,  you  muft  have  perceived  to 
how  many  difficulties  the  difcovery  of  the  longitude 
is  fubjeded. 

26th  September  J  1761. 

LETTER    LH. 

The  Motion  of  the  Mootiy  a  Fifth  Method* 

THE  heavens  furnifh  us  with  one  refource  more 
for  difcovering  the  longitude  without  the  af- 
iiftance  of  tdefcopes,  in  which  aftronomers  feem  to 

place 
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place  the  greateft  confidence.  It  is  the  moon,  not 
only  when  eclipfed,  but  at  all  times,  provided  Ihe  be 
vilible ;  an  unfpeakable  advantage^  confidering  that 
eclipfes  arc  fo  rare,  and  that  the  immerfions  and 
cnncrfions  of  the  fatellites  of  Jupiter  arc  of  fuch  dif- 
ficult obfervation ;  there  being  a  confiderable  time 
every  year,  during  which  the  planet  Jupiter  is  not 
irifible  to  us,  whereas  the  moon  is  almoft  conftantly 
in  view. 

You  muft  undoubtedly  have  already  remarked, 
that  the  moon  rifes  every  day  almoft  three  quarters 
of  an  hour  later  than  the  preceding,  not  being  at- 
tached to  one  fixed  place  relatively  to  the  ftars,  which 
always  prcferve  the  fame  fituation  with  refpecl  to 
each  oth^r,  though  they  have  the  appearance  of  be- 
ing carried  round  by  the  heavens,  to  accomplifh 
every  day  their  revolution  about  the  earth.     I  fpeak 
here  according  to  appearances ;  for  it  is  tlie  earth 
which  revolves  every  day  round  it's  axis,  while  the 
heavens  and  the  fixed  itars  remain  at  reft; ;  while  the 
liin  and  planets  are  continually  changing  their  place 
relatively  to  thele.    The  moon  has  likewife  a  motion 
abundantly  rapid  from  one  day  to  another,  with  re- 
lation to  tlic  fixed  ftars, 

If  yon  were  to  fee  the  moon  to-day  near  a  certain 
fixed  liar,  it  will  appear  to-morrow,  at  the  fime 
]K)ur,  at  a  confiderable  diftance  from  it,  toward  the 
eaiV,  and  the  diftance  fometimes  exceeds  even  15  de- 
t:Tct:-^.  Tlie  velucitv  of  her  motion  is  not  always  the 
iame,  yet  we  are  able  to  determine  it  very  exadiy 
ior  every  day  \  by  \\ liich  means  Me  can  calculate 

beiore- 
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before-hand  her  true  place  in  the  heavens,  for  every 
iiour  of  the  day,  and  for  any  known  meridian,  fay 
that  of  Berlin,  or  Paris. 

Suppofe,  then,  that  after  a  long  voyage  I  find  my* 
fdf  at  fea,  in  a  place  ahogether  unknown,  what  ufe 
can!  make  of  the  moon,  in  order  to  difcover  the 
longitude  of  the  place  where  I  am  ?  There  is  no  dif- 
ficulty with  refpccl  to  the  latitude,  even  at  fea,  where 
there  are  means  abundantly  certain  for  afcertaining 
the  height  of  the  pole,  to  which  the  latitude  is  al- 
ways equal.  My  whole  attention,  then,  will  be  di- 
re&ed  to  the  moon ;  I  will  compare  her  with  the 
fixed  ftars  which  arc  nearcft,  and  thence  calculate 
her  true  place  relatively  to  them.  You  know  there 
are  celeftiol  globes,  on  which  all  tlic  fixed  ftars  are 
pranged,  and  tl  ;at  cclcftidl  charts  are  likcwifc  con- 
£bruAcd,  fimilar  to  geographical  maps,  on  which  arc 
reprefented  the  fixed  ftars  which  appear  in  a  certain 
quarter  of  the  heavens.  On  taking,  tlicn,  a  celeftial 
charts  on  which  the  fixed  ftars,  to  wliich  the  moon 
\s  near,  are  marked,  it  will  be  an  cafy  matter  to  dc- 
termine  the  true  place  where  the  moon  at  that  time 
is ;  and  my  watch,  which  I  have  taken  care  to  re^-u- 
late  there,  from  an  obforvation  of  the  moment  ot 
noon,  will  indicate  to  mc  the  time  of  my  lunar  ob- 
fervation.  Then,  iVom  my  knowledge  of  the  moon'^s 
motion,  I  calcuhio  for  Berlin,  at  v%^hat  hour  flic  muft 
appear  in  the  fame  place  where  I  have  fccn  her.  If 
the  time  obferved  exaiftly  correlpond  with  the  time 
of  Berlin,  it  will  be  a  dcmonftration,  that  the  place 
where  I  am  is  prccifcly  under  the  meridian  of  Berhn, 

and 
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and  tint  oonfiqnendy  the  Ion|pt«de  is  ^bfe  €tmt^ 
But  if  the  tune  of  my  ob&rvatioQ  is  not  that  of  Bow 
lin,  the  cUfference  will  give  that  which  is  ba^iiiea 
the  meriifians ;  and  fyy.kanifig'i5  dqgrries  far  wtry 
hour  of  time^  I  compote  how  nmch  the  Joofptnd^ 
the  place  I  an  at  is  greater  or  left  than  diat  of  B0i> 
Bn :  the  place  where  time  is  more  advanced  lias  U* 
vmys  the  greater  kn^tude* 

This  b  an  abftraA  of  the  manner  of  determfaikig 
longitude  by  fimple  oMvvadoiis  (tf  the  inoon.  Ite* 
mark,  that  the  hajqpieft  momtats  for  hoce&Utf 
performing  this  operation,  and  for  acdiratdy  daler^ 
mining  the  moon's  place,  are,  when  a  fixed  "ftar  ha|M 
pens  to  be  concealed  behind  her  body ;  tUs  is  called 
pcculuaimj  and  there  aye  two  ipffanceg  iaToonble  fo 
cbfervation,  that  when  the  moon  in  her  motiim 
completely  covers  the  fiat,  and  that  when  the  fbur 
rc-appears.  Aftronomers  are  particuhu-ly  attentive 
to  catch  thefe  inftants  of  occultation,  in  order  to 
calailate  from  them  the  moon's  true  place. 

I  forefee,  however,  an  objedion  you  will  probaUy 
ipake,  refpeding  the  time-piece  with  which  I  fnp« 
pofe  our  navigator  provided,  after  having  main^ 
tained  the  impoflibility  of  conftru6Ung  one  that  (hall 
be  proof  againft  every  a^tation  of  a  fhip  at  fei.  But 
tills  impoflibility  refpeds  only  fuch  time-pieces  as  are 
expected  to  preferve  a  regular  motion  for  a  long 
time  together,  without  the  ncccflity  of  frequent  ad« 
juftment :  for  as  to  the  obfervations  in  queftioD,  a 
common  M^tch  is  quite  fufficient,  provided  it  go  re- 
gularly for  fome  hours^  after  having  been  carefully 
7  adjufted 
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acfjufted  to  the  noon  of  the  place  where  we  are :  fup* 

poGng  a  doubt  to  arife,  whether  we  could  calculate 

fiOEn  it  the  fucceeding  evening  or  night,  at  the  time 

we  obferve  the  moon,  the  ftars  likewife  will  afford 

the  means  of  a  new  and  accurate  adjuftment.    For 

s^  tht  fituation  of  the  fun,  with  relation  to  the  fixed 

ta-rs,  is  perfeftly  known,  for  any  time  ivhatever, 

tbe  fimple  obfbrvation  of  any  one  ftar  is  fuffident  to 

determine  the  place  where  the  fun  muft  then  be ; 

from  which  we  are  enabled  to  calculate  the  hour 

that  a  well-regulated  time-piece  ought  to  indicate. 

Thus,  at  the  very  inftant  of  making  an  obfervation 

by  the  moon,  we  are  enabled  likewife  to  regulate 

our  time-piece  by  the  ftars,  and  every  time-piece  is 

ibppofed  to  go  regularly  for  fo  ihort'  a  fpace. 

2gtb SfftgrnicTf  1 76 1. 
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LETTER    LIU. 

Advantages  of  this  lajl  Method  \    its  Degree  of 

Precijion. 

THIS  laft  method  of  finding  the  longitude, 
founded  on  lunar  obfervations,  feems  to  merit 
the  preference,  as  the  others  are  fubjeAed  to  too 
many  difficulties,  or  the  opportunities  of  employing 
them  occur  too  feldom,  to  be  ufcfuL  And  you  muft 
be  abundantly  fenfible,  that  fuccefs  depends  entirely 
on  the  degree  of  precifion  attained  in  forming  the 
calculation,  and  that  the  errors  which  may  be  com- 
mitted would  lead  to  conclufions  on  which  we  could 

place 
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place  no  dependence.  It  is  of  importance,  therefore^ 
to  explain  what  degree  of  precifion  we  may  reaibn- 
ably  hope  to  be  attainable  in  reducing  this  method 
to  practice,  founded  on  the  confiderable  change 
which  the  moon  undergoes,  from  one  day  to  an- 
other, in  her  pofition.  It  may  be  affirmed,  that  if 
the  moon's  motion  were  more  rapid,  it  would  be 
more  adapted  to  tlic  difcovcry  of  the  longitude,  and 
would  procure  for  us  a  higher  degree  of  precifion. 
But  if,  on  the  contrary,  it  were  much  flower,  fa 
that  we  could  fcarccly  difcern  any  change  of  her  po- 
fition from  day  to  day,  we  could  derive  very  little, 
if  any,  affiftance  from  her,  toward  the  difcovery  of 
the  longitude. 

Let  us  fuppofe,  then,  that  the  moon  changes  her 
place  among  the  fixed  ftars,  a  fpace  of  1 2  degrees  in 
::4  hours ;  flie  will,  in  that  cafe,  change  it  one  de- 
gree in  two  liours,  and  half  a  degree,  or  30  minutes, 
in  an  liour :  if  we  were  to  commit  a  miftake  in  ob- 
icrving  tiic  moon's  place,  of  30  minutes,  it  would 
l)c  the  fame  thino:  as  if  we  obfcrved  the  moon  an 
liour  earlier  or  later,  and  we  fiiould  commit  a  mif- 
take of  one  hour  in  t!ie  conclufion,  refpecling  the 
diiTcrence  of  the  meridians.  Now,  one  hour's  dif- 
ference in  the  meridians  correfponds  to  15  degrees 
in  their  longitude* ;  tonfequcntly,  we  fliould  be  mif* 
taken  1 5  degrees  in  the  longitude  itfelf  of  the  place 
wc  look  for  ;  which  would  undoubtedly  be  an  error 
fo  enormous,  tliat  it  were  almoft  as  well  to  know 
nothing  about  it  ;  and  a  finiple  computation  of  the 
diilancc  and  the  direction,  however  uncertain,  could 

not 
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not  poffibly  lead  to  a  miuake  fo  very  grofs.  Rut  a 
man  muft  have  gone  to  work  in  a  very  flovcnly  man- 
ner, to  commit  a  niiltake  of  30  minutes  re/'pcfting 
the  moon's  place,  and  the  inftrumcnts  which  he  cm- 
ployed  muft  have  been  very  bad,  a  thing  not  to  be 
fuppofed. 

Neverthdefs,  however  excellent  the  inftrumcnts 
may  be,  and  whatever  deg'-ec  of  attention  may  have 
been  beftowed,  it  is  impofiihle  to  keep  clear  of  all 
error,  and  he  muft  have  acquitted  himfelf  very  well 
indeed,  who  has  not  committed  the  miftake  of  one 
minute  in  determining  tlie  moon's  place.  Now,  as 
it  changes  half  a  degree,  or  30  minutes,  in  one  hour, 
it  will  change  one  minute  of  dillance  in  two  minutes 
of  time.  When,  therefore,  the  miftake  of  the  moon's 
place  amounts  to  no  more  than  one  minute,  the 
miftake  in  the  difference  of  meridians  will  amount 
to  two  minutes  of  time.  And  one  hour,  or  60  mi- 
nutes, being  equivalent  to  15  dejriccs  of  K^ngitudc, 
there  will  rcfult  from  it  an  error  of  h:>lf  a  degree  iu 
the  longitude,  and  this  point  of  prccilion  n;ig]it  be 
lufficient  for  every  purpofe,  were  it  but  attainable. 

I  have  hitherto  inppofcd  our  knowledge  of  tlic 
moon's  motion  to  be  io  perfcO:,  that,  for  a  known 
meridian,  we  coulddetermine  tltc  moon's  true  place, 
for  every  moment,  without  an  error ;  but  we  are 
ftill  very  for  fiiort  of  tliat  point  cS  perfection.  ^Vithiu 
thefe  twenty  years,  the  error  in  this  calculation  w.is 
more  than  fix  minutes ;  and  it  is  but  lately  that  the 
ingenious  Profeffor  Mc^ycr^  at  Gottingen,  purfuing 
the  track  1  had  pointed  out  to  h:m,  has  luccccdcd  fa 

'   far 
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far  as  to  reduce  this  error  to  lefs  than  a  mipiite.     It 
may  very  eafily  happen,  then,  that  in  the  calculation 
likewife,  the  error  of  one  minute  may  be  committed ; 
which,  added  to  that  of  a  minute  committed  in  the 
bbfcrvation  of  the  moon's  place,  will  double'  that 
which  rcfults  from  it,  refpeciing  the  longitude  of 
the  place  where  we  are ;  and»  confequently,  it  may 
poifibly  amount  to  a  whole  degree :  it  is  proper  far* 
ther  to  remark,  that  if  the  moon  in  24  hours  fhould 
change  her  relative  fituation  more  than  1 2  degrees^ 
the  error  in  the  longitude  would  be  lefs  coniiderable* 
The  means  may  perhaps  be  difcovered  of  diminiihing 
ftill  farther  the  errors  into  which  we  are  liable  to 
fall,  in  the  obfervation  and  in  the  calculation ;  and 
then  we  fhould  be  able  to  afcertain  the  longitude  to 
a  degree,  or  lefs.    Nay,  we  ought  not  to  defpair  of 
attaining  a  ftill  higher  degree  of  precifion.   We  have 
only  to  make  feveral  obfcrvations,  which  can  be  eafily 
done  by  remaining  fcvcral  days  together  at  the  fame 
place.     It  is  not  to  be  apprehended,  in  that  cafe, 
that  all  the  conclufions  fliould  be  equally  defeclive  ; 
feme  will  give  the  longitude  fought  too  great,  others 
too  fmall,  and  by  ftriking  a  medium  between  all  the 
conclufions,  we  may  reft  allured  that  this  longitude 
will  not  be  one  degree  removed  from  the  truth. 

The  Engliih  nation,  gencroufly  difpofed  to  engage 
genius  and  ability  in  this  important  refearch,  has 
propofcd  three  prizes,  for  afcertaining  the  longi- 
tude, one  of  ;^.  10,000,  one  o(  £.  15,000,  and  one  of 
jT.  20jOoo.  The  lirft  of  thefe  is  to  be  beftowed  on 
the  pcrfon  who  fliall  determine  the  longitude  to  ^ 

degree. 
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degree,  or  about  it ;  fo  as  to  give  pcrfcft  aflurance 
that  the  error  fhall  not  exceed  one  degree  at  moft. 
The  fecond  is  to  be  given  to  him  who  fliall  difcover 
a  method  fiill  more  exaft,  fo  as  that  the  error  Ihall 
never  exceed  two  thirds  of  a  degree,  or  40  minutes. 
The  higheft  prize  is  deftined  to  the  man  who  fliall 
alcertain  the  longitude  fo  exaftly  that  the  error  fliall 
never  exceed  half  a  degree,  or  30  minutes :  and  a 
higher  degree  of  precifion  is  hardly  to  be  expected. 
No  one  of  thefe  prizes  has  hitherto  been  allotted : 
I  do  not  take  into  the  account  the  gratification  be- 
llowed on  the  artift  who  pretended  to  it  from  his 
conftrudion  of  perfeft  time-pieces.  Mr.  Mayer  is 
at  this  moment  claiming  the  higheft,  and  I  think  he 
is  cntided  to  it. 

id  OHoler,  1761. 
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LETTER    LIV. 

Off  the  Mariner^s  Compafsj  and  the  Properties  of  the 

Magnetic  Needle. 

YOU  are  by  this  time  fufficiently  informed  re- 
fpeding  the  difcovery  of  the  longitude :  I  have 
2iad  the  pleafure  of  explaining  the  various  methods 
which  have  been  employed  for  the  determination  of  it. 

The  firft,  and  moft  natural,  is  carefully  to  obferve 
the  quantity  of  fpace  which  we  have  gone  over,  and 
the  direction  in  which  we  moved  ;  but  the  currents 
and  tempefts  to  which  fea- voyages  are  expofed,  ren- 
der this  method  impracticable. 

Vol.  II.  P  The 
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The  fecond  requires  the  conflnidion  of  a  time^ 
piece  fo  perfeft  as  to  go  always  unifermly,  notwith* 
{landing  the  a^tation  of  a  fhip  at  lea }  which  no  ar« 
tift  has  hitherto  been  able  to  acconiplilhu 

The  tliird  is  founded  on  obiervation  of  the  etfipfis 
of  the  moon,  which  would  comjdbtdy  anfwer  every 
-purpofe,  were  not  opportunities  of  employing  it  too 
rare,  and  leaft  in  our  power,  wlien  the  neoeflky  may 
be  moft  urgent. 

The  fourth  refers  to  the  edipfes  of  the  £itdBtes  of 
Jupiter,  which  would  anfwer  the  purpdfe  extremely 
well,  had  we  the  means  of  employing,  at  fca,  tele- 
fcopes  of  a  certain  defcription,  without  which  they 
are  invifibk.  . 

Finally^  obfervations  of  the  moon  herielf  femfh  a 
fifth  method,  which  appears  the  moft  prafticable, 
provided  we  were  able  fio  obferve  the  moon's  place 
in  the  heavens  fo  exafUy,  that  the  error  in  calcula- 
tion (and  error  is  unavoidable)  fhould  never  exceed 
one  minute,  in  order  to  be  aifured  that  we  are  not 
miilaken  above  one  degree  in  the  determination  of 
the  longitude. 

To  one  or  the  other  of  thefe  five  methods,  peribns 
engaged  in  this  refearch  have  chiefly  direAe4  their 

m 

fpeculations ;  but  there  is  ftill  a  fixth,  which  ieems 
likevnfe  adapted  to  the  folution  of  the  problem,  were 
it  more  carefully  cnltivated  ;  and  will  perhaps  one 
day  furnifh  us  with  the  moft  certain  method  of  dif- 
covering  die  longitude  j  though  as  yet  we  are  far, 
^ery  far,  fhort  of  it. 
h  is  not  derived  from  the  heavens,  but  is  attached 

to 
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to  the  earth  limply,  being  founded  on  the  nature  of 
the  magnet,  and  of  the  compafs.  The  explication 
of  it  opens  to  me  a  new  field  of  important  phyfical 
obiervation,  for  your  amufement  and  inftru6tion,  on  * 
the  fubjeft  of  magnetifm,  and  I  flatter  myfelf  you 
will  attend  with  delight  and  improvement  to  the 
elucidations  which  I  am  going  to  fuggcft. 

My  refledtions  fliall  be  directed  only  to  the  main 
fubjedt  of  our  prefent  refearch,  I  mean  the  difcovery 
of  the  longitude.  I  remark,  in  general,  that  the 
magnet  is  a  flone  which  has  the  quality  of  attrafting 
iron,  and  of  difpofing  itfelf  in  a  certain  diredion  ; 
and  that  it  communicates  the  fame  quality  to  iron 
and  ftcel,  by  rubbing,  or  limply  touching  them  with 
a  magnet ;  propofing  afterwards  to  enter  into  a  more 
nlinute  difcuflion  of  this  quality,  and  to  explain  the 
nature  of  it. 

I  begin,  then,  with  the  defcription  of  a  magnetic 
needle,  which,  mounted  in  a  certain  manner,  for  the 
ufe  of  mariners,  is  denominated  the  compals. 

For  this  purpofe,  we  provide  a  needle  of  good 
fteel,  nearly  refembling  fg.  2.  of  plate  IL  one  extre- 
mity of  which  B  terminates  in  a  point,  the  better  to 
diftinguifli  it  from  the  other  A ;  it  is  furniflied  at 
the  middle  C  with  a  finall  cap,  hollowed  below,  for 
the  purpofe  of  placing  the  needle  on  a  pivot  or  point 
D,  as  may  be  feen  in  the  fecond  figure. 

The  two  ends  are  adjufted  in  fuch  a  manner,  that 
the  needle,  being  in  perfect  equilibrium,  can  revolve 
freely,  or  remain  at  reft,  on  the  pivot,  in  whatever 
fituation  it  may  be  placed.     Before  the  magnet  isap- 

P  2  plied, 
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plied,  it  would  be  proper  to  temped  the  needle,  ill 
order  to  I'ehder  it  as  hard  as  poflible ;  then  by  rub- 
bing or  touching  it  with  a  good  ibadftone,  it  will  iiK 
flantly  acquire  th€  magnetic  virtue.  The  two  ex- 
tremities  will  no  longer  balance  each  other,  but  thb 
one  D  will  defcend,  as  if  it  had  become  heavier ;  and 
in  order  to  reftore  the  equilibrium,  fomething ihuft 
be  taken  away  from  the  extremity  B,  or  a  finall 
weight  idded  to  the  end  A*  But  the  artifts,  fore- 
feeing  ^his  change  produced  by  magnetifm,  make  the 
end  B  originally  lighter  than  the  end  A,  that  the  mag- 
netized needle  may  of  itfelf  aflume  the  horiatoiital 
pofition. 

it  then  acquires  another  property  fiiU  much  more 
remarkable ;  it  is  no  longer  indifferent  to  aU  fitua- 
tions,  as  formerly ;  but  afieds  one  in  preference  to 
every  other,  and  difpofes  itfelf  in  fuch  a  manner  that 
the  extremity  B  is  directed  to  the  north  nearly,  and 
the  extremity  A  toward  the  fouth ;  and  the  diredicm 
of  the  magnetic  needle  correfponds  almoft  with  the 
meridian  line. 

You  rccolleft  that,  in  order  to  trace  a  meridian 
line,  which  may  point  out  the  north  and  the  fouth,  it 
is  neceffary  to  have  recourfe  to  aftronomical  obfer- 
vations,  as  the  motion  of  the  fun  and  ftars  determines 
that  direftion  ;  and  when  we  are  not  provided  with 
the  neceffary  inftruments,  and  efpecially  when  the  fky 
is  overclouded,  it  is  impoflible  to  derive  any  afliftance 
from  the  heavens  toward  tracing  the  meridian  line ; 
this  property  of  the  magnetic  needle  is,  therefore,  fo 
much  the  more  admirable^  tliat  it  points  out,  at  all 

times, 
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tunes,  and  in  every  place,  the  northern  direftion,  on 
ivhich  depend  the  others,  toward  the  eaft,  fouth  ?indi 
weft.  For  this  reafon  the  ufe  of  the  magnetic;  needle, 
or  compafs,  is  become  univerfal. 

It  is  in  navigation  that  the  advantages  rcfiilting 
from  the  ufe  of  the  compafe  are  moft  confpicuous ; 
it  being  always  neceflary  to  direft  the  courfe  of  a 
vefiel  toward  a  certain  quarter  of  the  world,  in  order 
to  reach  a  place  propofed,  conformably  to  geogra- 
phic or  marine  charts,  which  indicate  the  direftion 
in  which  we  ought  to  proceed.  Before  this  difco- 
ycry,  accordingly,  it  was  impoflible  to  undertjike 
long  voyages  j  the  mariner  durft  not  lofe  fight  of  the 
coaft,  for  fear  of  miftaking  his  courfe,  unlefs  the  fky 
vrzs  unclouded,  and  the  fiars  pointed  out  the  way. 

A  veffel  on  the  wide  ocean,  without  the  know* 
ledge  of  the  proper  courfe,  would  be  precifely  in  the 
ftate  of  a  man  who,  with  a  bandage  over  his  eyes, 
was  obliged  to  find  his  way  to  the  great  church  of 
Magdeburg ;  imagining  he  was  going  one  way,  he 
might  bd  going  another.  The  compafs,  then,  is  the 
principal  guide  in  navigation,  and  it  was  not  till  after 
this  important  difcovcry  that  men  ventured  acrofs 
the  ocean,  and  attempted  the  difcovery  of  a  new 
world.  What  could  a  pilot  do,  without  his  compafs» 
during  or  after  a  ftorm,  when  he  could  derive  no 
ailiftance  from  the  heavens?  Take  whatevet  courfe, 
he  might,  he  muft  be  ignorant  in  what  direclion  he 
was  proceeding,  north,  fouth,  or  to  any  other  quar- 
ter. He  would  prelently  deviate  to  fuch  a  degree, 
as  infallibly  to  lofc  hiipfelf^    3ut  the  compafs  im- 
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mediately  puts  him  right ;  from  which  you  will  be 
enabled  to  judge  of  the  importance  of  the  difcovery 
of  the  magnetic  needle,  or  mariner's  compafs. 

tthOMer^  1761. 
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LETTER    LV. 
Declination  of  the  Compafs^  and  Manner  of  obferving  tU 

THOUGH  the  magnetic  needle  afFefts  the  iltua* 
tion  of  being  direfted  from  fouth  to  north, 
there  are  accidental  caufes  capable  of  deran^ng  this 
dire6Hon,  which  muft  be  carefully  avoided.  Such 
are  the  proximity  of  a  loadftone,  or  of  iron,  or  fted. 
You  have  only  to  prefent  a  knife  to  a  magnetic 
needle,  and  it  will  immediately  quit  it*s  natural  di- 
rection, and  move  toward  the  knife ;  and,  by  draw- 
ing the  knife  round  the  needle,  you  will  make  it  af- 
fume  every  poflible  direction.  In  order  to  be  affured, 
then,  that  the  needle  is  in  it's  natural  direftion,  you 
muft  keep  at  a  diftance  from  it  ali  iron  or  fteel,  as 
well  as  magnets ;  which  is  fo  much  the  more  cafy, 
that  thefe  fubftances  influence  it's  direction  onlv  when 
very  near  it :  once  removed,  their  effect  becomes 
infcnfiblc,  unlefs  in  the  cafe  of  a  very  powerful  mag- 
net, which  might  poflibly  aft  on  the  needle  at  the 
diftance  of  fcvcnil  feet. 

But  iron  alone  produces  not  this  eftcft,  as  the  com- 
p;ifs  may  be  ufcd  to  advantage  even  in  iron-mines. 
You  are  perlectly  fcnliblc,  that  under  ground,  in 
mines,  wo  arc  in  the  fame  condition  as  at  fea,  wlien 
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the  £u:e  of  heaven  is  overclouded,  and  that  it  is  nc- 
ceflary  to  drive  mines  in  a  certain  direction,  Plan$ 
are  accordingly  conftruftedreprcfenting  all  the  tracks 
hollowed  out  in  the  bowels  of  the  earth,  and  this 
operation  is  regulated  merely  by  the  compos :  this  is 
the  obje6l  of  the  fcience  denominated  fubterraneous 
geon:ietry« 

To  return  to  our  compafs,  or  magnetic  needle,  I 
have  remarked  that  it's  direction  is  only  almoft 
northerly ;  it  is  therefore  incorrect  to  (ay  that  the 
magnet  has  the  property  of  always  pointing  nortlu 
Having  employed  myielf  in  the  fabrication  of  many 
magnetic  needles,  I  ever  found  that  their  diredion 
at  Berlin  deviated  about  fifteen  degrees  from  the 
true  meridian  line;  now,  an  aberration  of  if""  is 
Tery  confiderable. 

Figure  3,  plate  11.  reprefents,  firft,  the  true  meri- 
dian  line  drawn  from  north  to  fbuth ;  that  which  is 
drawn  at  right  angles  with  it  indicates  the  eaft,  to 
the  right  hand }  and  the  weft,  to  the  left.  Now  the 
magnetic  needle  AB  does  not  fall  on  the  meridian, 
but  deviates  from  it  an  angle  of  15°,  BO  north. 
This  angle  is  denominated  the  declination^  and  fomc- 
times  the  variation  of  the  compafs  or  magnetic 
needle :  and  as  the  extremity  B,  neareft  the  north, 
deviates  toward  the  weft,  we  fay,  the  declination  is 
15®  wefterly. 

Having  thus  determined  the  declination  of  the 
magnetic  needle,  we  can  make  it  anfwer  the  fame 
purpofe  as  if  it  pointed  dirccUy  north.  The  needle 
is  ufually  inclofed  in  a  circle,  and  you  have  only  to 
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mark  on  it  the  due  north-  at  the  exaft  diflance  from 
the  northern  extremity  of  the  needle,  fo  as  to  make 
a  declination  of  15^  weftward,  and  the  line  north- 
fouth  will  indicate  the  true  meridian  line,  and  enable' 
us  to  afcettain  the  four  cardinal  pcnnts,  north,  eaft^ 
fouth  and  weft. 

The  better  to  difguiie  the  fecret,  the  magnetic 
needle  is  concealed  in  a  circle  of  pafteboard,  ai  re- 
prefented  in  the  figure,  only  the  needle  is  rendered 
invifiUe,  the  pafteboard  covering  it,  and  fbmiing 
but  one  body  with  it,  the  centre  of  which  b  (daced 
on  a  pivot,  in  order  to  admit  of  a  free  revohitkm ; 
it  aflumes  of  courfe  a  fituation  fuch  that  the  point 
marked  norib  is  always  direded  to  that  point  of  the 
horizon ;  whereas  the  needle,  which  b  not  &en,  in 
effeft  deviates  from  it  1 5^  to  the  weft.    This  con- 
ilru^on  ferves  only  to  difguife  the  declination,  which 
the  vulgar  ceniider  as  a  defed,  though  it  be  rather 
an  objeft  worthy  of  admiration,  as  we  Ihall  after- 
wards fee ;  and  the  pafteboard  only  increafing  the 
weight  of  the  needle,  prevents  it's  turning  fo  freely 
as  if  it  were  unencumbered. 

To  remedy  this,  and  more  commodioufly  to  em- 
ploy the  compals,  the  needle  is  depolited  in  a  circu- 
lar box,  the  circumference  of  which,  divided  into 
360^,  exhibits  the  name  of  the  principal  points  of  the 
horizon.  In  the  centre  is  ^hc  pivot  or  point  which 
fupports  the  needle,  and  this  laft  immediately  aflumes 
a  certain  direction ;  the  box  is  then  turned  till  the 
northern  extremity  of  the  needle  B  exactly  corre- 
fponds  with  the  fifteenth  degree  on  the  circumfe- 
rence 
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rence,  reckoning  from  the  north-weftward ;  and  then 
the  names  marked  will  agree  with  the  real  quarters 
of  the  world. 

At  fea,  however,  they  employ  needles  cafed  in 
circles  of  pafteboard,  the  circumference  of  which  is 
divided  into  360  degrees,  to  prevent  the  neceflity  of 
turning  round  the  box ;  then  the  pafteboard  circle, 
vrhich  is  called  the  compafs,  indicating  the  real  quar- 
ters of  the  world,  we  have  only  to  refer  to  it  the 
courfe  which  the  ihip  is  fteering,  in  order  to  afcer- 
tain  the  direction,  whether  north  or  fouth,  eaft  or 
weft,  or  any  other  intermediate  point.  By  the  com-* 
pa&  likewife  we  diftinguifli  the  winds,  or  the  quar- 
ters from  which  they  blow,  and  from  the  poinfs 
marked  on  it  their  names  are  impofed.  It  is  necef- 
iary,  at  any  rate,  to  be  perfedly  affured  of  the  de- 
clination or  variation  of  the  compafs;  we  have  found 
it  to  be  exaftly  1 5^  weft  ward  here  at  Berlin  j  but  it 
may  be  different  at  other  places,  as  I  {hall  afterwards 
demonftrate. 

lOtb  O/fohr^  1 76 1. 


»«-x-e< 


LETTER   LVI. 

Difference  in  the  Declination  of  the  Compafs  at  the 

-  fame  Place. 

WHEN  I  fay  that  the  declination  of  the  com- 
pafs is  1 5  degrees  weftward,  this  is  to  be 
underftood  as  applying  only  to  BlerKn,  and  the  prc- 
fent  time;  for  it  has  been  remarked,  that  not  only 

is 
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nada,  Florida,  the  Antilles,  and  tmvard  the  coalls 
of  Brazil.  Beyond  thefe  countries,  toward  the  eaft, 
that  is,  toward  Europe  and  Africa,  it  again  becomes^ 
wefterly,  as  I  have  already  remarked. 

In  order  to  attain  a  perfect  knowledge  of  the  pre- 
fent  ftate  of  magnetic  declination,  it  would  be  ne* 
cefFary  to  afccrtain  for  all  places,  both  at  land  and 
fea,  the  prefent  ftate  of  magnetic  declination,  and 
whether  it's  tendency  is  weftward  or  eaft^vard.    This 
knowledge  would  be  undoubtedly  extremely  ufeful^ 
but  we  dare  fcarcely  hope  for  it.     It  would  require 
men  of  ability,  in  every  part  of  the  globe,  employed, 
at  the  fame  time,  in  obferving,  each  on  his  own 
ftation,  the  magnetic  declination,  and  who  fhould 
communicate  their  obfervations  with  the  utmoft  ex*- 
aclnefs.    But  the  fpace  of  fome  years  would  ehpfe 
before  the  communications  of  the  more  remote  could 
be  received ;  thus  the  knowledge  aimed  at  is  unat- 
tainable till   after  the  expiration  of  years.     Now, 
il.ough  no  very  confiderable  change  takes  place  in 
the  direction  of  the  magnetic  needle  in  two  or  three 
years,  this  change,  however  fmall,  would  however 
prevent  the  attainment  of  complete  information  re- 
fpecling  the  prefent  ftate  of  the  various  declinations 
of  the  magnetic  needle,  from  obfervations  made,  at 
the  fame  time,  in  the  different  regions  of  the  globe. 

The  fume  thing  holds  with  rcl'pecl  to  times  paft ; 
to  every  year  corrcfponds  a  certain  ftate  of  magnetic 
declination  proper  to  itfclf,  and  which  diftinguiflics 
it  from  every  other  period  of  time,  paft  and  future* 
I:   were,  however,  fincercly  to  be  wifhcd,  that  we 

had 
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had  an  exadly  detailed  ftate  of  the  dcclinalion  for 
one  year  only ;  the  mod  important  elucidations  of 
Ihe  fubject  would  certainly  be  derived  from  it. 

The  late  Mr.  Halley^  a  celebrated  Englifh  aftrono- 
tncr,  has  attempted  to  do  this  for  the  year  1 70c, 
founding  his  conclufions  on  a  great  number  of  ob- 
fervations  made  at  difierent  places,  both  by  land  and 
fca ;  but  befide  that  fome  very  confiderable  diftricfa, 
where  thefe  obfervations  were  not  made,  dre  not 
taken  into  his  account,  moil  of  thofc  which  he  has 
employed,  were  made  feveral  years  prior  to  1700; 
fo  that  at  this  era  the  declination  might  have  under- 
gone very  confiderable  alterations.  It  follows,  that 
this  ftatement,  which  we  find  reprefented  on  a  ge- 
neral chart  of  the  earth,  muft  be  confidercd  as  ex- 
tremely defcftivc;  and,  moreover,  what  would  it 
now  avail  us  to  know  the  flate  of  magnetic  declina- 
tion for  the  year  1700,  having  fincc  then  undergone 
a  confiderable  change  ? 

Other  Englifh  geographers  have  produced,  poftc- 
rior  to  that  period,  a  fimilar  chart,  intended  to  rc- 
prefent  all  the  declinations,  fuch  as  they  were  in  the 
year  1 744.  But  as  it  has  the  fame  dcfeft  with  that  of 
Mr.  Halley  \  and  as  they  likewife  were  unable  to  pm- 
cure  obfervations  from  Icveral  countries  on  the  globe, 
they  did  not  fcruple  to  fill  up  the  vacant  places,  by 
confulting  Haliey's  chart,  which  certainly  could  not 
apply  to  1744*  You  will  conclude,  from  what  I  have 
laid,  that  our  knowledge  of  this  important  branch 
of  phyfics  is  ftill  extremely  imperfed. 

lyh  O^obiff  1761. 

XETTEll 
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LETTER  LVn. 

Chart  of  Declinations  ;  Method  of  employing  it  for  the 

Difcovery  of  the  Longitude* 

IT  may  be  proper,  likewife,  to  explain  in  what 
manner  Halley  proceeded  to  reprefent  the  mag- 
netic declinations,  in  the  chart  which  he  conftrucfced 
for  the  year  1700,  that  if  you  fhould  happen  to  fee 
it,  you  may  comprehend  it*s  ftruchire* 

Firft,  he  marked,  at  every  place,  the  declination 
of  the  magnetic  needle,  fuch  as  it  had  been  there  ob- 
ferved.  He  diftinguifhed,  among  all  thefe  places, 
thofe  where  there  was  no  declination,  and  found 
that  they  all  fall  in  a  certain  line,  which  he  calls  the 
line  of  no  declination,  as  every  where  under  that 
line  there  was  then  none.  This  line  was  neither  a 
meridian  nor  a  parallel,  but  run  in  a  very  oblique 
direction  over  Nortli  America,  and  left  it  near  the 
coafts  of  Carolina ;  thence  it  bent  it's  courfe  acrofs 
the  Atlantic  Ocean  between  Africa  and  America. 
Bcfide  this  line  he  difcovered  likewife  another,  in 
which  tlie  declination  difappeared ;  it  defcended 
through  the  middle  of  China,  and  pafled  from  thence 
through  tlic  Philippine  Iflcs  and  New  Holland.  It  is 
cafy  to  judge,  from  the  track  of  thcfe  two  lines,  that 
they  have  a  communication  near  both  poles  of  the 
globe. 

Having  fixed  thclc  two  lines  of  no  declination, 
Mr.  Hulity  remarked  tluit,  every  where  between  the 

fn*r 
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firft  and  laft,  proceeding  from  weft  to  caft,  that  is 
through  all  Europe,  Africa,  and  almoft  the  wlioie  of 
Ada,  the  declination  was  wefterly ;  and  that  on  the 
other  fide,  between  thofc  lines,  that  is,  over  the 
whole  Pacific  Ocean,  it  was  eafterly.     After  this,  he 
obfierved  all  the  places  in  which  the  declination  was 
5  degrees  weft,  and  found  he  could  ftill  conveniently 
draw  a  line  through  all  thcfe  places,  which  he  calls 
the  line  of  five  degrees  weft.   He  found  likcwife  two 
lines  of  this  defcription,  the  one  of  which  accompa- 
nied, as  it  were,  the  firft  of  no  declination,  and  the 
other  the  laft.    He  went  on  in  the  fame  manner  with 
the  places  where  the  declination  was  lo'';  aftei*wards 
15^,  20%  &c.  and  he  faw  that  thcfe  lines  of  great  de- 
lation were  confined  to  tlic  polar  regions ;  whereas 
thofe  of  (mall  declination  encompaffed  the  whole 
globe,  and  paffed  through  the  equator. 

In  faft,  the  declination  fcarcely  ever  exceeds  1 5® 
on  the  equator,  whether  weft  or  eaft ;  but  on  ap- 
proaching the  poles,  it  is  poflible  to  arrive  at  places, 
where  the  declination  exceeds  58°  and  6o^  There 
are  undoubtedly  fome,  where  it  is  ftill  greater,  ex« 
ceeding  even  90%  and  where  the  northern  extremity 
of  the  needle  will  confequently  turn  about  and  point 
fouthward. 

Finally,  having  drawn  fimilar  lines  through  the 
places  where  the  declination  was  eaftward  1  o'',  1 5^^, 
ao®,  and  fo  on,  Mr.  Halley  filled  up  the  whole  chart, 
which  reprefented  the  entire  furfacc  of  the  earthy 
under  each  of  which  lines  the  declination  is  univer- 
fally  the  fame,  provided  the  obfcrvations  are  not  er- 
roneous. 
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roneous.  Mr.  HalUy  has,  accordingly,  fcrupuloufly 
abftained  from  continuing  fuch  lines  beyond  the 
places  where  obfervations  had  actually  been  made  : 
for  this  re'afon  the  greater  part  of  his  chart  is  a 
blank. 

Had.  we  fuch  a  chart,  accurate  and  complete,  wc 
fhould  fee,  at  a  glance,  what  declination  muft  have 
predominated  at  each  place,  at  the  time  for  whicli 
the  chart  was  conftruftcd ;  and  though  the  place,  in 
queftion,  fhould  not  be  found  precifely  under  one  of 
the  lines  traced  on  the  chart,  by  comparing  it  with 
the  two  lines  between  which  it  might  be  fituated, 
we  could  eafily  calculate  the  intermediate  declination 
which  correfponded  to  it.  If  I  found  my  prefent 
place  to  be  between  the  lines  of  i  o^  and  1 5^  of  weft- 
ern  declination,  I  fhould  be  certain  that  the  declina- 
tion there  was  more  than  10^,  and  lefs  than  15^; 
:ind  according  as  I  might  be  nearer  the  one  or  the 
01  her,  I  could  eafily  find  the  jufl  medium,  which 
would  indicate  the  true  declination. 

From  this  you  will  readily  comprehend,  that  if 
wc  had  luch  a  cliart,  thus  exact,  it  would  aflift  us  in 
diibovcrhig  longitude,  at  leaft  for  the  time  to  which 
it  correfponded.  In  order  to  explain  this  method, 
let  us  fuppofc  that  wc  are  policffcd  of  a  chart  con- 
llructcd  for  the  prefent  year,  we  would  fee  on  it, 
liril,  the  two  lines  drawn  through  the  places  where 
there  is  no  declination  ;  then  the  two  where  it  is  5°, 
10^,  15^,  20^,  both  caft  and  weft  :  let  us  farther  fup- 
pofc that,  for  the  greater  exactnefs,  thefc  lines  were 
drawn  from  degree  to  degree,  and  that  1  found  my- 

fclf 
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ielf  at  a  certain  place  on  fea,  or  in  an  unknown 
country,  I  would  in  the  firfi  place  draw  a  meridian 
line,  in  order  to  afcertain  how  much  my  compals 
deviated  from  it,  and  I  {hould  find,  for  example, 
that  the  declination  is  precifely  i  o^  eaft ;  I  fhould 
then  take  my  chart,  and  look  for  the  two  lines  under 
which  the  declination  is  i  o**  eaft,  fully  affured  that 
I  am  under  the  one  or  the  other  of  thefe  two  lines, 
^which  muft  at  once  gready  relieve  my  uncertainty. 
Knally,  t  would  obferve  the  height  of  the  pole, 
^'^hich  being  the  latitude  of  my  place,  nothing  more 
Would  remain  but  to  mark,  on  the  two  lines  men- 
tioned, the  points  where  the  latitude  is  the  fame  with 
.*hat  which  I  have  juft  obferved ;  and  then  all  my 
^^ccrtainty  is  reduced  to  two  points  very  diftant 
•i^tnn  each  other;  now,  the  circumftanccs  of  my 
Voyage  would  eafily  determine  which  of  thofe  two 
P'hces  is  that  where  I  actually  am. 

You  will  admit  that  if  wc  had  charts  fuch  as  I  have 
^e(cribed,  this  method  would  be  the  moft  commo- 
^ous  and  accurate  of  all,  for  afccrtaining  the  longi- 
tude :  but  this  is  precifely  the  thing  wc  want ;  and 
;is  we  are  ftill  very  far  from  having  it  in  our  power 
to  conftruA  one  for  the  time  paft,  wliich  v/ould  be 
of  no  ufe  for  the  prefent  time,  for  want  of  a  fufli- 
dent  number  of  obfervations,  we  are  ftill  lefs  in- 
flrui^d  refpefting  all  tlie  changes  of  ilccli nation 
which  every  place  undergoes  in  the  lapfc  of  time. 
The  obfervations  hitherto  made  afllire  us,  that  ccr- 
tsdn  places  are  fubjefl:  to  very  conlidcrable  variations, 
and  that  others  fcarccly  undergo  any,  in  the  fame 
Vol.  IL  Q  iutorvaj 
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interval  of  time ;  which  ftrips  us  of  all  hope  of  ever 
being  able  to  profit  by  this  method,  hoi^'ever  excd- 

lent  it  may  be  in  itfelf. 

17//^  Odoher^   1761. 

LETTER   LVm. 

Why  docs  the  Malefic  Needle  offeB^  in  every  Place  rf 
the  Earthy  a  certain  Diredion^  differing  in  different 
Places  ;  and  for  what  Reafon  does  it  change^  with 
Time  J  at  the  fame  Place  ? 

YOU  will  undoubtedly  have  the  curiofity  to 
be  informed,  why  magnetic  needles  affeft,  at 
every  place  on  the  globe,  a  certain  direction  ;  why 

tliis  direftion  is  not  the  fame  at  different  places ;  and 
why,  at  the  fame  place,  it  changes  with  thf  courfe 
oi  time  ?  1  Ihall  anfwer  thcfc  important  enquiries  to 
the  beft  of  my  ability,  thougli  1  fear  not  fo  much 
to  vour  latistaftion  as  I  could  wifh. 

I  remark,  firft,  that  magnetic  needles  have  this 

property  in  common  with  all  magnets,  and  that  it  is 

only  their  form,  contrived  to  balance  and  revolve 

freely  on  a  pivot,  which  renders  it  more  confpicuous. 

The  loadftone,  fufpendcd  by  a  thread,  turns  toward 

%  certain  quarter,  and  when  put  in  a  fmall  veffel  to 

make  it  fwim  on  water,  the  vclTel  which  fupports 

-Ti^  loadftone  will  always  affecl  a  certain  direftion. 

Irirw  loadftone  fitted  with  two  oppofite  points^  the 

-^.'r  which  is  direfted  to  the  north,  and  the  other 

to 
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*:6  the  fouth,  will  be  fubjeft  to  the  fame  variations 

the.  magnetic  needles. 

Thefe  points  are  very  remarkable  in  all  loadftones, 

by  them  iron  is  attrafted  with  the  greateft  force. 

They  are  denominated  the  poles  of  a  ioadftone,  a 

^crm  borrowed  from  that  of  the  poles  of  the  earth 

^or  of  the  heavens ;  becaufe  the  one  has  a  tendency 

"toward  the  north  and  the  other  toward  the  fouth 

-pole  of  the  earth ;  but  this  is  to  be  underftood  as 

only  almoft,  not  exactly,  the  cafe  5  for  when  the 

name  was  impofed,  the  declination  had  not  yet  been 

bbferved.     That  pole  of  the  loadftone  which  is  di- 

reded  northward  is  called  it's  north  pole,  and  that 

which  points  fouthward  it's  fouth  pole. 

I  have  already  remarked,  that  a  magnetic  needle, 
us  well  as  the  loadftone  itfclf,  affumes  this  fituation, 
which  appears  natural  to  it,  only  when  removed  from 
the  vicinity  of  another  loadftone,  or  of  iron.  When 
a  magnetic  needle  is  placed  near  a  loadftone,  it's  fitua- 
tion is  regulated  by  the  poles  of  that  loadftone; 
fo  that  the  north  pole  of  the  loadftone  attrafts  the 
ifouthern  extremity  of  the  needle,  and  reciprocally 
the  fouth  pole  of  the  loadftone  the  northern  extre- 
mity of  the  needU.  For  this  reafon,  in  referring 
bnc  loadftone  to  another,  we  call  thofe  the  friendly 
poles  which  bear  different  names,  and  thofe  the 
hoftile  which  have. the. fame  name.  Tliis  property 
is  Angularly  remarkable  on  bringing  two  toadftones 
near  each  other :  for  then  we  find  that  not  only  do 
the  poles  of  different  nam.es  mutually  attraft,  but 
that'  thofe  of  the  fame  name  fliun  and  repel  elch 
-  C)  c  other. 
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s  is  flill  more  confpicuous  when  two 
r  letic  needles  are  brought  williin  the  fphere  of 
1  lencc. 

.  ord  :o  be  fenfiblc  of  this,  it  is  of  much  im- 
portance confider  the  fituation  whicli  a  magnetic 
needle  affumes  in  the  vicinity  of  a  loadftone. 

The  bar  AB,  (plate  If.  fig.  4.  J  reprefents  a  load- 
ftone,  wh  :  north  pole  is  B,  and  the  fouth  pole  A  : 
you  fee  v;  ifi'       s       the  magnetic  needle,  un- 

der tiie  fig        it        irrow  fe  extremity  marked 

b  is  the  nc  ,  the  fouth.     In  all  thefe 

pofilions,  tlie  mity  If  of  the  needle  is  directed 

toward  the  pole  A  of  the  loadftone  ;  and  the  extre- 
mity a  to  the  pole  B.  The  point  c  indicates  the 
pivot  on  which  the  needle  revolves  ;  and  you  have 
only  to  confider  the  figure  w-ith  fome  attention,  in 
urder  to  determine  what  iituation  the  needle  will 
alTume,  in  whatever  po&ion  round  the  loadftone 
the  pivot  c  is  fixed. 

If  there  were,  therefore,  any  where,  a  very  large 
loadftone  AB,  the  magnetic  needles  placed  round  it 
would  afiTume,  at  every  place,'  a  certain  fituation,  as 
we  fee  aiflually  to  be  the  cafe  round  the  globe.  Now 
if  tlie  globe  itfclf  were  that  loadftone,  we  Ihould 
comprehend  why  the  magnetic  needles  every  where 
,  allumed  a  certain  direction.  Naturalifls,  accordingly, 
in  order  to  explain  this  phenomenon,  maintain  that 
the  whole  globe  has  the  property  of  a  magnet,  or 
that  we  ought  to  confider  it  as  a  prodigious  load- 
Jlone.  Some  of  them  allege,  that  there  is  at  the 
centre  of  the  eartli  a  very  large  loadftone,  which  has 
exerdfed 
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exer(^ifcd  it's  influence  on  all  the  magnetic  needles, 
and  even  on  all  the  loadftones,  which  are  to  be  found 
tin  the  furhce  of  the  earth ;  and  that  it  is  this  in- 
fluence which  directs  them  in  every  place,  conform- 
ably to  the  directions  which  we  obferve  them  to 
afiiune. 

But  there  is  no  occafion  to  have  recourfe  to  a 
loadflone  concealed  in  the  bowels  of  the  earth.  It -s 
fur£u:e  is  fo  repleniflied  with  mines  of  iron  and  load- 
ik>ne,  that  their  united  force  may  well  fupply  the 
¥rant  of  this  huge  magnet.  In  fact,  all  loadftones 
are  extracted  from  mines,  an  infallible  proof  that 
thefe  fubftances  arc  found  in  great  abundance  in  the 
bowels  of  the  earth,  and  that  the  union  of  all  their 
powers  furnifhes  the  general  force,  which  produces 
all  the  magnetical  phenomena.  We  are  likewife  en- 
abled thereby  to  explain,  wherefore  the  magnetic 
declination  changes,  with  time,  at  the  fame  place ; 
for  [it  is  well  known,  that  mines  of  every  kind  of 
metal  arc  fubject  to  perpetual  change,  and  particu- 
larly thofe  of  iron,  to  which  the  loadftone  is  to  be 
referred.  Sometimes  iron  is  generated,  and  is  fome- 
times  deftroycd  at  one  and  the  fame  place ;  there  are 
accordingly,  at  this  day,  mines  of  iron  where  there 
were  none  formerly;  and  where  it  was  formerly 
found  in  great  abundance,  there  are  now  hardly  any 
traces^of  it.  This  is  a  fufficient  proof,  that  the  total 
mais  of  loadftones  contained  in  the  earth  is  under- 
going very  confiderable  changes,  and  thereby,  un- 
doubtedly, the  poles,  by  which  the  magnetic  dedi- 

Q  3  natio© 


nation  is  r^ulatcd,  Ukewift  chai^ mth  tbeia|^ qf « 
timck  ■.■■.>  •-...: 

Here  then  we  xnuft  look  for  tfaereifiui^iwbf  dap 
magnetic  declination  is  fufajeft  to  dianges  fo-oosfip 
deraUe  at  the  fame  places,  of  the  g^obe.  Bwt  diis. 
very  reafon,  founded  on  the  inconftancy  of  what  is. 
paffing  in  it's  bowels>  afibrds  no  hope  of  cpur  csvec 
being  able  to  afcertain  the  magnetic  drrKnarion  bc-^ 
forehand,  unleft  we  could  find  the  means  of  fob)e&^ 
sng  the  changes  of  the  earth  to  (bme  fixed  law.  :.JL 
long  finries  of  obfisrvations,  carried  on  through  £em 
ral  ages  fuccei&yely,  might  poflibly  throw  ibme  Mg^ 
onthcfubject 

scMOAifcr,  1761. 
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Elucidations  refpeding  the  Caufe  and  Variation  of  tbe^ 
Declination  o/Md^netic  Needles. 

THOSE  who  allege  that  the  earth  contains  in  it's 
womb  a  prodigious  loadftone,  like  a  ftone  with 
1  kernel  in  fruit,  are  under  the  neceflity  of  admit- 
^Ag,  in  order  to  explain  the  magnetic  declination, 
^bt  this  ttone  is  fucceflively  fhifting  it's  fituation. 
It  invft  in  that  calb  be  detached  from  the  earth  in  all 
Ilhi")pns}  and  as  it's  motion  would  undoubtedly 
t  QCmm  law,  \i-e  might  flatter  ourfdves  with 
one  day  dilcovering  it.    But  whether 
a  nagneiic  ftone  within  the  earth, 

or 
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or  whether  the  loadftonea  fcattercd  up  and  down 
through  it's  entrails  unite  their  force  to  produce  the 
magnetical  plienomena,  we  may  always  confider  the 
earth  itfelf  as  a  loadftone,  in  rubferviencY  to  which 
every  particular  loadftone,  and  all  magnetic  necdlesj^ 
aflumc  their  direAion. 

Certain  naturalifts  have  enclofed  a  very  powerful 
magnet  in  a  globe,  and  having  placed  a  magnetic 
needle  on  it's  furface,  obferA'^ed  phenomena  fimilar  to 
thofe  which  take  place  on  the  globe  of  the  earth,  by 
placing  the  magnet  within  the  globe,  in  fevcral  dif- 
ferent poiitions.  Now,  confidering  the  e^urth  as  a 
loadftone,  it  will  have  it's  magnetic  poles,  which  muft 
be  carefully  diftinguifhed  from  the  natural  poles, 
round  which  it  revolves.  Thefe  poles  have  nothing 
in  common  between  them  but  the  name ;  but  it  is 
from  the  pofition  of  the  magnetic  poles,  relatively 
to  the  natural,  that  the  apparent  irregularities  in  the 
magnetic  declination  proceed,  and  particularly  of  the 
lines  traced  on  the  globe,  of  which  I  have  endea- 
voured to  give  you  fome  account. 

In  order  more  clearly  to  elucidate  tins  fubjcft,  I 
remark,  that  if  the  magnetic  poles  exactly  coincided 
with  the  natural,  there  would  be  no  declination  all 
over  the  earth :  magnetic  needles  would  univerfally 
point  to  the  north  prccifely,  and  their  pofition  would 
be  exactly  that  of  the  meridian  line.  This  were  no 
doubt  an  unfpcakable  advantage  in  navigation,  as 
we  fhould  then  know  with  precifion  the  courfe  of 
the  veffel  and  the  direftion  of  the  wind ;  whereas, 
at  prefent,  we  muft  always  look  for  the  declination 

Q  4  of 
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of  the  compafs  before  we  arc  abfc  to  determine  the 
true  quarters  ot"  the  world.  But  then  the  compafi 
couki  rurnilh  no  ailiftance  toward  afcertaining  the 
longitude,  an  objcft  which  the  declination  may  Iboner 
or  later  render  attainable. 

Hence  it  may  be  concluded,  that  if  the  m^netic 
poles  of  lii2  cirth  differed  very  greatly  from  the  na- 
tural, and  tliat  if  they  were  direftly  oppofite  to  each 
other,  whicli  would  be  the  cafe,  if  the  magnetic  axis 
of  tlic  earth,  that  is  the  ftraight  line  drawn  from  the 
one  magnetic  pole  to  the  other,  paffed  through  the 
centre  of  the  earth,  then  magnetic  needles  would 
univerfally  point  toward  thefc  magnetic  poles,  and 
it  would  be  cafy  to  affign  the  magnetic  direction 
proper  to  every  place  ;  we  fliould  only  have  to  draw 
for  every  place  a  circle  which  fliould  at  the  fame  time 
pafs  through  the  two  magnetic  poles,  and  the  angle 
which  this  circle  would  make  with  the  meridian  of 
the  fame  place  muft  give  the  .magnetic  declination. 

In  this  cafe,  the  two  lines,  under  which  there  is  do 
declination,  would  be  the  meridians  drawn  through 
the  magnetic  poles.  But  as  we  have  feen  that,  in 
reality,  thefe  two  lines  without  declination  are  not 
meridians,  but  take  a  very  unaccountable  diredion, 
it  is  evident  that  no  fuch  cafe  aftually  takes  place. 
Halley  clearly  faw  tliis  difficulty,  and  therefore  thought 
himfetf  obiI.;cd  to  fuppofe  a  double  loadftone  in  the 
bowels  of  the  earth,  the  one  fixed,  the  other  move- 
able ;  of  confequence,  he  was  obliged  to  admit  four 
poles  of  the  earth,  two  of  them  toward  the  north, 
and  two  toward  the  fouth,  at  unequal  diftanccs. 

But 
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But  this  hypotheils  fecms  to  me  rather  a  bold  con* 
jeAure :  it  by  no  means  follows,  that  becaufe  thefe 
'lines  of  no  declination  are  not  meridians,  there  muft 
be  four  magnetic  poles  on  the  earth :  but  rather^ 
that  there  are  only  two,  which  are  not  direftly  op- 
poiite  to  each  other ;  or,  which  comes  to  the  fame 
thing,  that  the  magnetic  axis  does  not  pafs  through 
the  centre  of  jthe  earth. 

It  remains,  therefore,  that  we  confider  the  cafes  in 
which  thefe  two  magnetic  poles  are  not  diredly  op- 
pofite,  and  in  which  the  magnetic  axis  does  not  pa(s 
through  the  centre  of  the  earth ;  for  if  we  embrace 
the  hypotheils  of  the  magnetic  nut  within  the  earth, 
why  fhould  one  of  it's  poles  be  precifdy  oppofite  to 
the  other  ?  This  nut  may  very  probably  be  not  ex- 
a&ly  in  the  very  centre  of  the  earth,  but  at  a  confi- 
derable  diftance  from  it.  Now,  if  the  magnetic  poles 
are  not  diametrically  oppofite  to  each  other,  the  lines 
of  no  declination  may  adually  aifume  a  direcHon 
fimilar  to  that  which, from  obfervation,we  find  they 
do ;  it  is  even  poflible  to  afilgn  to  the  two  magnetic 
poles  fuch  places  on  the  earth,  that  not  only  thefe 
lines  fhould  coincide  vidth  obfervation,  but  likewife, 
for  every  degree  of  declination,  whether  weftern  or 
eaftern,  we  may  find  lines  precifely  fimilar  to  thofe 
which,  at  firft,  feemed  fo  unaccountable* 

In  order,  then,  to  know  the  ftate  of  magnetic  de* 
dination,  all  that  is  requifite,  is  to  fix  the  two  mag« 
netic  poles ;  and  then  it  becomes  a  problem  in  geo- 
xnetry,  to  determine  the  direction  of  all  the  lines 
u-hich  I  mentioned  in  my  preceding  letter,  drawn 

for 
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Uff  every  place  where  tiie  4ecBnatiOft  hr^  frsM| 
fay  fvch  means  top  we  fbould  be  embkdjto  td£Bi^ 
thefe  lines^  and  to  fill  up  the  cduntries  where  no  ob* 
^^^ryiLUops  h»y«r  beooi  «iade :  and  weie kipc^fafe  tf 
aflign,  for  every  future  pcriodt  Jthe  places  oi  tbe  tiato 
magnetic  poles  on  thc^be*.  it  would  undoabtsdUf 
prove  the  moft  (atislying  fotution  of  the  problem,  tf 
the  longitude,  ,     .  <  ..ti 

There  19  no  occafion,  therefore,  £d6C  a  douUe  lobdp 
flone  within  the  earth»  or  for  four  magnetic  polca^iiii 
order  to  explain  thededinatidn  of  magnetic  neBcBoit 
as  HaU^  fuppofed,  :but  for  a  iimpfe  magnet,  or  twid 
magnetic  poles,  provided  it^s  juft  place  is  affigiiod  fsA 
each.  It  appears  to  me  that,  from  this  rrSiBf^ibm^ 
we  ave^omch  ifXQXc  advanced  iu  our  kno¥dedge:cC 
inagaetifoi^  -  ^':*i 

34/A  O^olfer,  I7&t. 

LETTER    LX. 

Inclination  of  Magnetic  Needles. 

YGU  will  pleafe  to  rccoUeft,  that  on .  rubbing  -  a 
needle  againfl  the  loadfione  it  acquires  not 
only  the  property  of  pointing  toward  a  certain  point 
of  the  horizon,  but  that  it's  northern  extremity  finks. 
as  if  it  had  become  heavier,  which  obliges  us  to  di- 
miniih  it's  weight  fomewhat,  or  to  increafe  that  ol 
the  other  extremity,  in  order  to  rcftore  the  cquili* 
brium.  I  have,  without  putting  this  in  practice, 
made  feveral  experiments  to  afccrtain  how  far  th< 

maocnetic 
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aoagnetic  force  brought  dowp  the  northern  extre- 

zzuty  of  the  magnetized  needle,  and  I  have  found 

xhzt  it  fimk  fo  as  to  make  an  angle  of  72  degrees 

^xdth  the  horizon,  and  that  in  this  fituation  the  needle 

remained  at  reft.    It  is  proper  to  remark,  that  thefe 

experiments  were  made  at  Berlin,  about  fix  years 

ago ;  for  I  ihall  Ihew  you  afterwards,  that  this  di* 

xe6tion  to  bdow  the  horizon,  is  as  variable  as  the 

nagnetic  declination. 

Hence  we  fee  that  the  magnetic  power  produces  a 
ciouUe  e&ft  on  needles ;  the  one  direds  the  needle 
Coward  a  certain  quarter  of  the  horizon,  the  devia- 
tion of  which  from  the  meridian  line  is  what  we  call 
^e  magnetic  declination ;  the  other  imprefies  on  it 
an  inclination  toward  the  horizon,  finking  the  one 
cr  the  other  extremity  under  it,  up  to  a  certain 
an^. 

Let  d  e  (plate  IL  Jig.  5.  J  be  the  horizontal  line, 
drawn  according  to  the  magnetic  declination,  and 
the  needle  will  aifume,  at  Berlin,  the  fituation  b  a^ 
which  makes  with  the  horizon  d e  the  angle  deb 
or  eca,  which  is  72^,  and  confequently,  with  the 
vertical/^,  an  angle  beg  or  acf  oi  18  degrees. 
This  fecond  efieft  of  the  magnetic  force,  by  which  the 
magnetic  needle  affeAs  a  certain  inclination  toward 
the  horizon,  is  as  remarkable  as  the  firft ;  and  as  the 
firft  is  denominated  the  magnetic  declination^  the  ie- 
€ond  is  known  by  the  name  of  magnetic  inclination^ 
which  defer ves,  as  well  as  the  declination,  to  be  every 
where  obferved  with  all  poflible  care,  as  we  find  in 
it  a  fimilar  variety. 

3  l^c 
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Tiic  inclination  at  Berlia  has  been  iemnd  72%  at 
Bale  only  70^,  the  northern  extremity  of  the  needle 
being  funk,  and  the  oppofite,  of  confcquence,  rai£ed 
to  that  angic.  This  takes  place  in  comtriei  wiiidi 
are  nearer  to  the  northern  magnetic  pole  of  the 
earth ;  and  in  proportion  as  we  af^oadh  it,  the 
greater  becomes  the  inclination  of  the  magnetic 
needle,  or  the  more  it  approaches  the  vertical  lines 
fo.that  if  we  could  reach  the  pole  itielf,  the  needle 
would  there  adually  aflume  a  vertical  fituation,  it's 
northern  extremity  pointing  perpendicularly  dowa* 
ward,  and  its  fbuthern  end  upward.  The  fiutheri 
on  the  contrary,  you  remove  from  the  northern  mag^ 
netic  pole  of  the  earth,  and  s^roach  the  ibuthem^ 
the  more  the  inclination  diminifhes ;  it  will  at  length 
difappear,  and  the  needle  >yill  aflume  a  horizontal 
polition,  when  equally  diftant  from  both  poles :'  but 
in  proceeding  toward  the  foiith  pole  of  the  earth, 
the  fouthern  extremity  of  the  needle  will  fink  more 
and  more  under  the  horizon,  the  northern  extro- 
tnity  rifing  in  proportion,  till  at  the  pole  itfdf,  the 
needle  again  becomes  vertical,  with  the  fouthern  ex- 
tremity perpendicuhrly  do\^Tiward,  and  the  northern 
upward. 

It  were  devoutly  to  be  wiflied  that  experiments 
had  been  as  carefully,  and  as  generally  made,  in  the 
vicvv  of  afcertaining  the  magnetic  inclination,  as  of 
determining  the  declination  ;  but  this  important  ar- 
ticle of  experimental  philofophy  has  hitherto  been 
too  much  nrglcdod,  though  certainly  neither  lefe 
curious,  nor  Ids  intcrefiing,  than  that  of  the  declina- 
tion. 
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tion.     It  is  not  however  a  matter  of  furprize ;  expe- 
limcnts  of  this  fort  are  fubjeft  to  too  many  difficuU 
Ues  ;  and  almoft  all  the  methods  hitherto  attempted 
of  obferving  the  magnetic  inclination  have  failed. 
One  artift  alone,  Mr.  Diterich  of  Bale,  has  fucceeded, 
having  aAually  conftructed  a  machine  proper  for  the 
purpofe,  under  the  direftion  of  the  celebrated  Mr* 
Daniel  Bernouillu  He  fent  me  two  of  thefe  machines, 
^  means  of  which  I  have  obferved,  at  Berlin,  this 
^xidination  of  72  degrees ;  and  however  curious,  in 
other  refpefts,  the  Englifli  and  French  may  be,  in 
ptoiecuting  fuch  enquiries,  they  have  put  no  great 
"^ue  on  Mr.  Diterich^s  macliine,  though  the  only 
One  adapted  to  the  defign.     This  inftance  demon- 
abates  how  the  progrels  of  fciencc  may  be  obftrud:ed 
by  prejudice ;  hence  Berlin  and  Bale  are  the  only 
two  places  on  the  globe,  where  the  magnetic  inclina- 
tion is'  known. 

Needles  prepared  for  the  conft ruction  of  compaffes 
arc  by  no  means  proper  to  indicate  the  quantity  of 
magnetic  inclination,  thovgh  they  may  convey  a 
rough  idea  of  it's  cflfecl,  becaufe  the  northern  extre- 
mity in  theie  latitudes  becomes  heavier.  In  order 
to  render  ferviceable  needles  intended  to  difcovcr  the 
dedination,  we  are  under  the  neccffity  of  deftroying 
the  effed:  of  the  inclination,  by  diminifliing  the 
weight  of  the  northern  extremity,  or  incrcafing  thai 
of  the  fouthern.  To  rcftore  the  needle  to  a  hori- 
zontal pofition,  the  laft  of  thefe  methods  \s  iifiially 
employed,  and  a  fmall  morfcl  of  wax  is  aflixcd  to 
tlie  C;uthern  extremity  of  tbc  nccdic.   You  arc  abun^ 

clcintly 
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)  be  afcertained,  provided  the  iadlnatiorf  • 
ition  are  known. 
<        nagnet    exhibits    phenomena   altogether 
i  Tou  have  only  to  place  one  on  a  table  co^ 

vcr  filings  of  ftecl,  and  you  will  fee  the  filings 

;  emfelves  round  the  loadftone  AB,  nearly 

i  ted  in  ^g.  6,  plate  II.  in  which  every  par- 

filings  may  be  confidered  as  a  fmall  mag- 
le,  indicating,     '    very  point  round  thft 
,  the  magnetic  di       ion.     This  experiment 
le;       to  inquire  into  the  caufe  of  all  thcfe  pheno* 
mena. 

The  arrangement  afiumcd  by  the  ftecl  filings  leaves 
no  room  to  doubt  that  it  is  a  fubtilc  and  in\-ifiblc 
matter  which  runs  through  the  particles  of  the  fteel, 
and  difpofea  them  in  the  direction  which  we  here 
obferve.  It  <s  equally  clear  that  tills  fubtile  matter 
yervadcs  the  loadftone  itfelf,  entering  at  one  of  the 
p(>les,  and  gtnng  out  at  the  other :  fd  as  to  £(xm,  by 
it's  continual  motion  round  the  loadflooe,  a  vortex 
which  r:?-conduft3  the  fubtile  matter  from  one  pola 
to  the  otheT)  and  this  motion  is,  without  doubt,  ex^ 
tremely  rapid. 

The  nature  of  the  loadftone  conflfls,  then,  in  a  con- 
tinual vortex,  which  difiinguifhes  it  from  all  other 
bodies ;  and  the  earth  itfelf,  in  quality  of  loadftone, 
muft  be  furrounded  with  a  fmiilar  vortex,  afting 
every  where  on  magnetic  needles,  and  making  con- 
tinual  efforts  to  difpofe  them  according  to  its  own 
direction,  which  is  the  iame  I  formerly  denominated 
the  magnetic  direftion :  this  fubtile  matter  is  conti- 
nually 
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nually  ifluing,  then,  at  one  of  the  magnetic  poles  of 
the  earth,  and  after  having  perforpied  a  circuit  round 
to  the  other  pole,  it  there  enters,  and  pervades  the 
globe  through  and  through  to  the  oppoiite  pole, 
"where  it  again  efcapes. 

We  are  not  yet  enabled  to  deterpiine  by  which  of 
the  two  magnetic  poles  of  the  earth  it  enters  or 
ijOTues :  the  phenomena  depending  on  this  have  fuch 
a  perfect  refemblance,  that  they  are  indiftinguifhahle. 
It  is  undoubtedly,  likewife,  tliis  general  vortex  of 
the  globe  which  fupplies  the  fubtile  matter  of  every 
particular  loadftone  to  magnetic  iron  or  ftec!,  and 
which  keeps  up  the  particular  vortices  that  furround 
them. 

In  order  to  a  thorough  inveftigation  of  the  nature 
of  this  fubtile  matter,  and  it's  motion,  it  muft  be  re*- 
marked,  that  it's  action  is  confined  to  loadftone,  iron 
and  fteel ;  all  other  bodies  are  abfolutely  indifferent 
to  it;  the  relation  which  it  bears  to  thbfe  muft^ 
therefore,  be  by  no  means  the  fame  which  it  bears 
to  others.  We  are  warranted  to  maintain,  from 
manifold  experiments,  that  this  fubtile  matter  freely 
pervades  all  other  bodies,  and  even  in  all  direftions : 
for,  when  a  loadftone  acts  on  a  needle,  the  action  is 
pcrfcftly  the  fame  whether  another  body  interpofes 
or  not,  provided  the  interpofing  body  is  not  iron, 
and  it's  aclion  is  the  fame  on  the  filings  of  iron. 
This  fubtile  matter,  therefore,  muft  pervade  all  bo- 
dies, iron  excepted,  as  freely  as  it  does  air,  and  even 
pure  ether ;  for  thefe  experiments  fuccced  equally 
well  in  a  receiver  exhaufted  by  the  air-pump.    This 

Vot.  11.  R  matter 
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matter  is  confequcntly  different  from  ether,  and  even — 
much  more  fubtile.  And,  on  account  of  the  generil — 
vortex  of  the  earth,  it  may  be  affirmed  that  the  globe 
is  completely  furroundcd  by  it,  and  freely  pervaded, 
as  all  other  bodies  arc,  excepting  tlie  loadftone  and- 
iron :  for  this  rcafon,  iron  and  fteel  may  be  deno- 
minated magnetic  bodies,  to  dil'tinguifh  them  from 
others. 

But  if  this  magnetic  matter  pafles  freely  through 
all  non-magnetic  bodies,  what  relation  can  it  have  to 
^  thofe  whicli  are  fucli  ?  We  have  juft  obferved  that 
the  magnetic  vortex  enters  at  one  of  the  poles  of 
every  loadftone,  and  goes  out  at  the  other  j  whence 
it  may  be  concluded,  that  it  freely  pervades  load- 
ftoncs  likewife  j  which  would  not  diftinguifli  them 
from  other  bodies.  But  as  the  magnetic  matter 
paffes  through  the  loadftone  only  from  pole  to  pole, 
this  is  a  circumflance  very  different  from  what  takes 
place  m  others.  Here,  then,  we  have  the  diftincUve 
charafter.  Non-magnetic  bodies  are  freely  pervaded 
by  the  magnetic  matter,  in  all  directions :  loadflones 
are  pervaded  by  it,  in  one  direftion  only ;  one  of 
the  poles  being  adapted  to  it's  admiffion,  the  other 
to  it's  cfcape.  But  iron  and  fteel,  when  rendered 
magnetic,  fulfil  this  Urt  condition ;  when  they  arc 
not,  it  may  be  affirmed,  that  they  do  not  grant  2. 
free  tranfmifiion  to  the  magnetic  matter,  in  any  di- 
rection. 

This  may  appear  ftrange,  as  iron  has  open  pores, 

which  tranfmit  the  ether,  though  it  is  not  fo  fubtile 

as  the  magnetic  matter.    But  we  mufl  carefully  dif- 

tiDgitiih 
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^ngliifli  a  fimple  paffage,  from  one  in  which  the 
^>*a.gnctic  matter  may  pervade  the  body,  with  all  it's 
'^pidity,  without  encountering  any  obftacle. 

jyf  Oaober^  1761. 

LEITER   LXIL 

Nature  of  the  Magnetic  Matter^  and  of  it^s  rapid 

Current.     Magnetic  Canals. 

^TAM  very  far  from  pretending  to  explain  per- 
-JL  feftly  the  phenomena  of  magnetifm ;  it  prefents 
<lifficulties  which  I  did  not  lind  m  thofe  of  electricity. 
The  caufe  of  it  undoubtedly  is,  that  electricity  con- 
lifts  in  a  too  great,  or  too  fmall,  degree  of  compref- 
iion,  of  a  fubtile  fluid  which  occupies  the  pores  of 
TxxlieSy  without  fuppoGng  that  fubtile  fluid,  which  is 
the  ether,  to  be  in  aftual  motion ;  but  magnetifin 
cannot  be  explained,  unlefs  we  fuppofe  a  vortex  in 
rapid  agitation,  which  penetrates  magnetic  bodies. 
'  The  matter  which   conftitutes   thefe  vortices  is 
likewife  much  more  fubtile  than  ether,  -and  freely 
pervades  the  pores  of  loadftones,  which  are  imper- 
vious even  to  ether.     Now,  this  magnetic  matter  is 
diSufed  through,  and  mixed  with,  the  ether,  as  the 
ether  is  with  grofs  air,  or  juft  as  ether  occupies  and 
fills  up  the  pores  of  air,  it  may  be  aflirmed  that  the 
magnetic  matter  occupies  and  fills  the  pores  of  ether. 
I  conceive,  then,  that  loadftone  and  iron  have 
pores  fo  fmall  that  the  ether  in  a  body  connot  force 
k*8  way  into  them,  and  that  the  magnetic  matter 
*^  R  a  alone 
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alone  can  peoetrate  them  ;  ;tnd  which,  on  being  3 

tnitted,  feparalcs  itfelt"  from  the  ether,  by  what  i 

be  called  a  kmd  of  filtration.     In  the  pores  of  the.  jm, 

loadftone  alone,  tlicrefore,  is  the  magnetic  matter  tc  ~> 

be  found  in  perfect  purity  :  c\'ery  where  elfe  it  i^^ 

iJended  with  ether,  as  this  bft  is  with  the  air. 

You  can  eafily  imagine  a  feries  of  fluids,  one  al 

ways  more  fubtile  than  another,  and  which  are  per 

fefily  blended  together.     Nature  ftimifiies  inftance^ 
of  this.    Water,  we  know,  contains  in  it's  pores  par — 
tides  of  air,  which  are  frequently  feen  diJchai^ing* 
thcmfclves  in  the  form  of  fmall  bubbles  :  air  again^ 
it  is  equally  certain,  contains  in  it's  pores  a  fluid  in- 
comparably more  fubtile,  namely  ether,  and  which, 
on  many  occaiions,  is  fcparated  from  it,  as  in  elec- 
tricity.    And  now  we  fee  a  Hill  farther  progreffion, 
ard  that  ether  contains  a  matter  much  more  fubtile 
than  iifclf,  the  magnetic  matter,  which  may,  per- 
haps,  contain,  in  it's  turn,  others  ilill  more  fubtile,  at 
leaft  this  is  not  impolliblc. 

Having  fettled  this  magnetic  matter,  let  us  fee  how 
it's  phenomena  are  produced.  1  conlideraloadftone, 
then,  and  fay,  firft,  that  bcfides  a  great  many  pores 
filled  with  ether,  like  all  other  bodies,  it  containi 
fome  ftiH  much  more  narrow,  into  which  the  mig- 
ftetic  matter  alone  can  find  admiffion.  Secondly, 
l^efc  pores  are  difpofed  in  fuch  a  manner  as  to  have 
a  communication  with  each  other,  and  conftitute 
tubes  or  canals,  through  which  the  magnetic  matter 
paffcs  from  the  one  extremity  to  the  other.  Finallyj 
this  matter  can  be  tranfmiited  through  thefe  tvbes, 

only 
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Dxily  in  one  direckibn,  without  the  poflibility  of  re- 
turning in  an  oppofite  direcbion.  This  mofl  eflential 
circumftance  requires  a  more  particular  elucidation* 

Firft,  then,  I  remark,  that  the  veins  and  lymphatic 
vdSels  in  the  bodies  of  animals,  are  tubes  of  a  fimilar 
conftmdtion,  containing  valves,  reprefented  inyJg-.  7, 
plate  11.  by  the  ftrokcs  m  w,  whofe  office  it  is  to  grant, 
by  raifing  themfdves,  a  free  paflage  to  the  blood  when 
it  flows  from  A  to  B,  and  to  prevent  it's  reiBux  from 
B  to  A.  For  if  the  blood  attempted  to  flow  from  B 
to  Ay  it  would  prefs  down  the  moveable  extremity  of 
the  valve  m  on  the  fide  of  the  vein  0,  and  totally  ob«> 
ftru£k  the  paflage.  Valves  are  thus  employed  in  aque- 
dudsy  to  prevent  the  reflux  of  the  water.  I  do  not 
amfider  myfelf,  then,  as'  fuppofing  any  thing  contrary  ' 
to  nature,  when  I  fay,  that  the  canals,  in  loadftones, 
wUch  admit  the  magnetic  matter  only,  are  of  the 
hmc  conftru6)ion. 

Figure  8,  plate  If.  reprefents  this  magnetic  canal, 
according  to  my  idea  of  it.  I  conceive  it  fiirniflied 
inwardly  with  briftles  direfted  from  A  toward  B, 
which  prefent  no  oppofition  to  the  magnetic  matter 
in  it's  paflage  from  A  to  B,  for  in  this  cafe  they  open 
of  themfelves  at ;;,  to  let  the  matter  pafs  at  0 ;  but 
they  would  immediately  obftruft  the  channel,  were 
it  to  attempt  a  retrograde  courfe  from  B  to  A.  The 
nature  of  magnetic  canals  confifts,  then,  in  granting 
admiflion  to  the  magnetic  matter  only  at  A,  to  flow 
toward  B,  without  the  poflibility  of  returning  in  the 
Of^fite  diredion  from  B  toward  A. 

R  3  This 
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This  conftruction  enables  us  to  explain  how  the 
magnetic  matter  enters  into  thefe  tubes^  and  jBics 
through  them  with  the  greateft  rapidity ^  even  when 
the  t^ole  ether  is  in  a  flate  of  perfeS  reft,  which  is 
the  moft furprifing :  for  how  can  njnotion  &>  rapid 
be  produced  ?  This  will  appear  perfwMy  dear  to  you, 
if  you  will  plcafe  to  recollect  that  ether  is  a  matter 
extremely  elaftic ;  accordingly  the  nuignetic  matter; 
whidi  is  fcattered  about,  will  be  prefled  by  it  on 
every  fide.  Let  us  fuppofe  the  magnetic  canal  A  B 
{till  quite  empty,  and  that  a  partide  of  magnetic 
matter  m  prefents  itfelf  at  the  entrance  A,  and  this 
partide  prefled  on  every  fide  at  the  /opening  c£\iix 
canal,  into  which  the  ether  cannot  force  adIlli$io4^it 
wiJ  there  be  prefled  forward  with  prod^oilis  fbrcC) 
and  enter  into  the  canal  with  equal  rapidity  i  another 
particle  of  magnetic  matter  will  immediately  prefent 
itfelf,  and  be  driven  forward  with  the  fame  force, 
and  in  Uke  manner  all  the  following  particles.  There 
will  thence  reiult  a  continual  flux  of  magnetic  mat- 
ter, which,  meeting  with  no  obftruAion  in  this  canal^ 
will-cfcape  from  it  at  B,  with  the  fame  rapidity  that 
it  enters  at  A. 

My  idea,  then,  is,  that  every  loadftonc  contains  a 

great  multitude  of  ihcfe  jcanals,  which  I  denominate 

-  magnetic;  and  it  very  natunilly  follows,  that  the 

imgDCtic  matter  difperfcd  in  the  etlier  mufl:  enter 

'^Bidiem  at  one  extremity,  and  efcape  at  the  other, 

^^t  impctuofity ;  that  is,  we  flxall  have  a  per- 

.|0BA(ancnt  of  magnetic  matter  through  the  canals 

of 
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bf  the  loadftone :  and  thus  I  hope  I  have  furmounted 
^e  greatcft  difficulties  which  can  occur  in  the  theory 
of  magnetifm. 

id  N^vemher^  1761. 

LETTER   LXm. 
Magnetic  Vortex.    ASlion  of  Magnets  upon  each  other. 

YOU  have  now  feen  in  what  the  diftindUye  cha- 
rader  of  the  loadfione  confifts ;  and  that  each 
contains  feveral  c^als,  of  which  I  have  attempted  a 
deicription. 

Ft^e  I.  plate  III.  reprcfents  a  loadftone  A  B,  with 
three  magnetic  canals  a  b^  through  which  the  mag- 
netic matter  will  flow  with  the  utmoft  rapidity,  en- 
tering at  the  extremities  marked  ^7,  and  efcaping  at 
thofe  marked  b :  it  will  efcape  indeed  with  the  fame 
rapidity,  but  immediately  meeting  with  the  ether 
blended  with  the  grofler  air,  great  obftrudions  will 
oppofe  the  continuation  of  it's  motion. in  the  £ime 
direction  ;  and  not  only  will  the  motion  be  retarded, 
but  it's  direftion  diverted  toward  the  fides  c  c.  The 
lame  thing  will  take  place  at  the  entrance,  toward 
the  extremities  a  a  a'y  on  account  of  the  rapidity 
with  which  the.  particles  of  magnetic  matter  force 
their  way  into  them,  the  circulation  will  quickly 
overt^e  thofe  which  are  ftill  toward  the  fides  e  e^ 
and  thefe,  in  their  turn,  will  be  replaced  by  thofe 
which,  efcaped  from  the  extremities  b  b  b^  have  been 
already  diverted  toward  c  c\  io  that  the  fame  mag* 

R  4  netic 
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netic  matter  which  ifiued  from  the  extremities  h  h  b 
'  quickly  returns  toward  thofe  marked  a  a  a,  perform- 
ing the  circuit  b  c  d  e  a,  and  tliis  circulation,  round 
the  loai-lftone,  is  what  we  call  the  magnetic  -vor/sx. 

It  muft  not  be  imagined,  however,  that  it  is  al- 
ways the  fame  magnetic  matter,  which  forms  thefe 
vortices ;  a  confiderable  part  of  it  will  efcape,  no 
doubt,  as  well  toward  B  as  toward  the  tides,  in  per- 
forming the  circuit ;  but  as  a  compenfation,  frefh 
magnetic  matter  will  enter  by  the  extremities  a  a  ay 
fo  that  the  matter  wiiich  conftitutes  the  vortex  is 
fuccedaneous  and  very  variable  :  a  magnetic  vortex, 
furrounding  the  loadftone,  will,  however,  always  be 
kept  up,  and  produce  the  phenomena  formerly  ob- 
^  fervcd  in  filings  of  ftcel,  fcattercd  round  the  load- 
ftone. 

You  ^^ill  plcafe  farther  to  attend  to  this  circum- 
ftance,  that  the  motion  of  the  magnetic  matifer  in 
the  vortex,  is  incomparably  flower  out  of  the  load* 
fione,  than  in  the  magnetic  tubes,  where  it  is  fepa* 
rated  from  the  ether,  after  having  been  forced  intQ 
them  by  all  the  clalHc  power  of  this  laft  fluid  ;  and 
that,  on  efcaping,  it  mixes  again  with  the  ether,  and 
thereby  lofes  great  part  of  it's  motion,  fo  that  it's 
velocity  in  travelling  to  the  extremities  a  a  a  is  in- 
comparably lefs  than  in  the  magnetic  canals  a  b, 
though  fiill  very  great  witli  rcfpect  to  us.  You  will 
eafily  comprehend,  then,  that  the  extremities  of  the 
magnetic  canals,  by  which  the  matter  enters  into  the 
loadftone  and  efcapes  from  it,  are  what  we  call  it's 
poles  ^  and  that  the  magnetic  poles  of  a  loadftone 
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are  by  no  means  mathematical  points,  the  whole 
fyiiCCj  in  which  the  extremities  of  the  magnetic  ca- 
nals terminate,  being  one  magnetic  pole,  as  in  the 
loadftone  rcprelcnted  fgure  6,  p/aie  IL  where  the 
whole  furfaces  A  and  B  are  the  two  poles. 
.  Now,  as  thefe  poles  are  diftkiguifhed  by  the  terms 
north  and  fouth,  yet  we  cannot  affirm  with  certainty 
whether  it  is  by  the  north  or  fouth  pole  that  the 
magnetic  matter  enters^into  loadftones.  You  will 
fee  ia  the  fequcl,  that  all  the  phenomena  produced 
by  the  admiflion  and  efcape,  have  fuch  a  perfect  re- 
fianblance,  that  it  appears  impoilible  to  determine  the 
quefHon  by  experiments.  It  is,  therefore,  a  matter 
of  indifierence,  whether  we  fuppofe  that  the  magnetic 
natter  enters  or  efcapes  by  the  north  pole  or  by  the  ^ 
fouth. 

Be  it  as  it  may,  I  fhall  mark  with  the  letter  A,  the 
pole  by  which  the  magnetic  matter  enters,  and  with 
B,  that  by  which  it  efcapes,  without  pretending 
thereby  to  indicate  which  is  north  or  fouth.  I  pro- 
ceed to  the  confideration  of  thefe  vortices,  in  order 
to  form  a  judgment,  how  two  loadflones  aA  upoa 
each  other. 

Let  us  fuppofe  (plate  lILJig.  2.)  that  the  two  load- 
ftones A  B  and  a  b  are  prefentcd  to  each  other  by  the 
poles  of  the  fame  name  A,  0,  and  their  vortices  will 
be  in  a  ftate  of  total  oppofition.  The  magnetic 
matter  which  is  at  C  will  enter  at  A  and  a^  and  ihefe. 
two  vortices  attempting  mutually  to  deftroy  each 
other,  the  matter  which  proceeds  by  E  to  enter  at  A. 
will  meet  at  D  that  of  the  other  loadftone,  returning 

by 
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by  e  to  enter  at  a:  from  this  muft  rcfult  a  collifioa 
of  the  t\^-o  vortices,  in  which  the  one  will  repel  the 
other  ;  and  this  effeift  will  extend  to  the  loadftonc§ 
thcmfelves,  which,  thus  fituated,  undergo  mutual 
repulfion.  The  fame  thing  would  take  place,  if  the 
two  loadllones  prefented  to  each  other  the  other 
poles  B  and  b  :  for  this  reafon  the  poles  of  the  lame 
name  are  denominated  hojlile,  becaufe  they  aftually 
repel  each  other. 

But  if  tJic  loadftones  prefcnt  to  each  other  the 
poles  of  a  different  name,  an  oppofite  effe£l:  will  en- 
fue,  and  you  will  perceive  that  they  have  a  mutual 
.  attraftion. 

\n/gure  3,  plate  III.  where  the  two  loadftones  pro- 
,  fcnt  to  cacli  other  the  poles  B  and  a,  the  magnetic 
matter  which  ilTues  from  the  pole  B,  finding  imme- 
diately free  admiflion  into  the  other  loadftone  by  it's 
pole  fl,  will  not  be  diverted  toward  the  lidcs,  in  order 
to  return  and  re-enter  at  A,  but  will  pafs  direftly  by 
C  into  the  other  loadftone,  and  efcape  fircm  it  at  b^ 
and  will  perform  the  circuit  by  the  fides  d  d  to  re- 
enter, not  by  the  pole  a,  but  by  the  pole  A,  of  the 
other  loadftone,  completing  the  circuit  by  ef.  Thus 
the  vortices  of  thefe  two  loadftones  will  unite,  as  if 
there  v-ere  but  one ;  and  this  vortex  being  com- 
prefl'ed  on  all  fides  by  the  ether,  will  impel  the  two 
loadftones  toward  each  other,  fo  that  they  will  ex- 
hibit a  mutual  attracUon.  '  ' 
This  is  the  reafon  why  the  poles  of  different  names 
are  denominated /riVnJ/y,  and  thofe  of  the  fame  name 
hojTiky  the  principal  phenomenon  in  magnetifm,  in 
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as  much  as  the  poles  of  different  names  attraft,  and 
thofe  of  the  fame  name  repel  each  other. 

'jtb  November y   iy6l. 
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LETTER    LXIV. 

Nature  of  Iron  and  Steel.     Manner  of  communicdHng  to 

them  the  Magnetic  Force.         ' 

HAVING  fettled  the  nature  of  the  loadftone  in 
thefe  canals  which  the  magnetic  matter  can 
pervade  in  only  one  direftion,  becaufe  the  valves 
they  contain  prevent  it's  return  in  the  contrary  di- 
rection, you  can  no  longer  doubt  that  they  are  the 
continuation  of  thofe  pores,  (Jig.  8,  plate  II.)  whofb 
fibres  point  in  the  fame  direction,  fo  that  feveral  of 
thefe  particles,  being  joined  in  continuation,  confli* 
tute  one  magnetic  canal.  It  is  not  fufficient,  there- 
fore, that  the  matter  of  the  loadftone  fhould  contain 
many  fimilar  particles ;  they  muft  likewife  be  dit 
pofed  in  fuch  a  manner  as  to  form  canals  continued 
from  one  extremity  to  the  other,  in  order  to  grant 
an  uninterrupted  tranfmiflion  to  the  ms^netic  matter. 
Iron  and  fteel,  then,  apparently  contain  fuch  par- 
ticles in  great  abundance;  thefe  are  not,  however, 
originally  difpofed  in  the  manner  I  have  been  de-» 
fcribing,  but  are  fcattercd  over  the  whole  mafs,  and 
this  difpofition  is  all  they  want  to  become  real  mag- 
nets. In  that  cafe,  they  ftiil  retain  all  their  other 
qualities,  and  are  not  diftinguifliable  from  other 
maffes  of  iron  and  fteel,  except  that  now  they  have, 

belides, 
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befideff,  the  properties  of  the  loadftonc  :  a  knife  and 
a  needle  anfwer  the  fame  purpofes,  whether  they 
have  or  want  the  magnetic  virtue.  The  change 
whicli  takes  place  in  the  interior,  from  the  arrange- 
ment of  the  particles  in  the  order  which  magnetifm 
requires,  is  not  extcrnaUy  perceptible  j  and  the  iron 
or  fteel  which  has  acquired  the  magnetic  force,  is 
denominated  an  artiEctal  magnet,  to  diftinguifti  it 
from  the  natural,  which  refembles  a  ftone,  though 
the  magnetic  properties  are  the  fame  in  both.  You 
will  have  a  curiofity,  no  doubt,  to  be  informed  in 
what  manner  iron  and  ftecl  may  be  brought  to  re- 
ceive the  magnetic  force,  and  fo  become  artifidal 
magnets.  Nothing  can  be  more  fimplc;  and  the 
vicinity  of  a  loadftone  is  cipable  of  rendering  iron 
fomewhat  magnetic :  it  is  the  magnetic  vortex  which 
jH'oduces  this  efiefl,  even  though  the  iron  and  load- 
ftone  fliould  not  come  into  contafl:. 

However  hard  iron  may  appear,  the  particles 
which  contain  the  magnetic  pores  formerly  repre- 
fented,  are  very  pliant  in  fubftance,  and  the  fmalleft 
force  is  fufficirait  to  change  theit  fituation.  The 
magnetic  matter  of  the  vortex,  entering  into  the 
iron,  will  then  eafily  difpofe  the  firft  magnetic  pores 
which  it  meets,  following  it's  own  diredion;  thofc 
at  leaft  whofe  fituation  is  not  very  different;  and. 
having  run  through  them,  it  will  act  in  the  lame 
manner  on  the  adjacent  pores,  till  it  has  forced  a 
paffage  quite  through  the  iron,  and  thereby  formed 
feme  magnetic  canals.  The  figure  of  the  iron  con- 
tributes greatly  to  facilitate  this  change ;  a  lengthened 
7  figure. 
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AgarCy  and  placed  in  the  fame  diredion  with  the 

vortex,  is  moft  adapted  to  it,  as  the  magnetic  matter^ 

in  paifing  through  the  whole  length,  there  difpofes  a 

great  many  particles  in  their  juft  fituation,  in  order 

£o  form  longer  magnetic  canals ;  and  it  is  certain, 

chat  the  more  there  is  the  means  of  formijig  canals, 

the  longer  they  will  be  without  interruption,  the 

snore  rapid  will  be  the  motion  of  the  magnetic  mat- 

tier,  and  the  greater  the  magnetic  force. 

.    It  has  likewife  been  remarked,  that  when  the  iron, 

placed  in  a  magnetic  vortex,  is  violently  ihaken  or 

Ibruck,  it  acquires  a  higher  degree  of  magnetifm 

£rom  this,  becaufe  the  minute  particles  are  by  fuch 

concuiEon  agitated  and  difengaged,  fo  as  to  yield 

more  eafily  to  the  a<flion  of  the  magnetic  matter 

which  penetrates  them. 

Placing  accordingly  a  fmall  bar  of  iron  a  b  (plate 
JIL  Jig.  4.)  in  the  vortex  of  the  loadftone  A  B,  fo 
that  it's  direftion  may  nearly  agree  with  that  of  the 
current  d  ef  of  the  magnetic  matter,  it  will  with  eafc 
pals  through  the  bar,  and  form  in  it  magnetic  canals, 
efpecially  if,  at  the  fame  time,  the  bar  is  fhaken  or 
ftruck,  to  facilitate  the  tranfmiffion.  It  is  likewife 
Qbfervable,  that  the  magnetic  matter,  which  enters 
at  the  pole  A  of  the  loadftone,  and  efcapes  at  the 
pole  B,  will  enter  the  bar  at  the  extremity  a  and 
efcape  at  the  extremity  ^,  fo  that  the  extremity  a 
will  become  the  pole  of  the  fame  name  A,  and  b  the 
iame  with  B.  Then  taking  this  bar  a  b  out  of  the 
magnetic  vortex,  it  will  be  an  artificial 
though  very  feeble,  which  will  fupply  it 
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tes,  anti  prcferve  it's  magnetic  power,  as  long  as  it's 
magnetic  canals  fhail  not  be  interrupted.  This  will 
take  place  fo  much  the  more  eafily  that  the  pores  of 
iron  are  pliant ;  thus  the  fame  circumftance  whicli 
afiills  the  produdion  of  magnetlfin,  contributes  like- 
wife  to  it's  dcftruftion.  A  natural  magnet  is  not  fo 
cafily  enfeebled,  bccaufe  the  pores  are  much  clofer^and 
more  con  (iderable  etforts  arercquifite  to  derangethem. 
I  fliall  go  more  largely  into  the  detail  afterward. 

I  here  propofe  to  explain  the  manner  of  moll  na- 
turally rendering  iron  magnetic ;  though  the  force 
which  it  lliencc  acquires  is  very  fmall,  it  will  affilt  us 
in  comprehending  this  remarkable  and  almofl  uni- 
verfal  phenomenon.  It  has  been  obfcrv'cd,  that  the 
tongs  and  other  implements  of  iron  which  are  ufually 
jilaced  in  a  vertical  pofition,  as  well  as  bars  of  iron 
fixed  perpendicularly  on  ftccples,  acquire  in  time  a 
very  fenfible  magnetic  force.  It  has  Ukewife  been 
perceived,  that  a  bar  of  iron,  hammered  in  a  vertical 
pofition,  or  heated  red  hot,  on  being  plunged  into 
cold  water  in  the  fame  pofition,  becomes  fomcwhat 
magnetic,  without  the  applicatioiwjf  any  loadlione. 

In  order  to  account  for  this  phenomenon,  you  have 
only  to  recollect  that  the  earth  itfelf  is  a  loadftonc, 
and  confequcully  encompaffed  with  a  magnetic  vor- 
tex, of  which  the  declination  and  inchnation  of  the 
magnetic  needle  every  wlierc  fliew  the  true  direction. 
If  then  a  bar  of  iron  remain  long  in  that  pofition, 
there  is  no  rcafon  to  be  furprized,  fliould  it  become 
magnetic.  Wc  have  likewife  fecn,  that  the  inclina- 
tion of  the  magnetic  needle  is,  at  Berlin,  72  de^ressy" 
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and  as  it  is  nearly  the  iame  all  over  Europe,  this  in- 
clination differs  only  18  degrees  from  the  vertical 
pofition  -y  the  vertical  poGtion^  accordingly,  differs 
but  little  from  the  direction  of  the  magnetic  vortex : 
a  bar  of  iron,  long  kept  in  that  pofition,  will  be  at 
laft  penetrated  with  the  magnetic  vortex,  and  mufi 
coniequently  acquire  a  magnetic  force. 

In  other  countries,  where  the  inclination  is  imper- 
ceptible, which  is  the  cafe  near  the  equator,  it  is  not 
the  vertical,  but  rather  the  horizontal  pofition  which 
renders  bars  of  iron  magnetic,  for  their  pofition  ^uft 
correfpond  to  the  magnetic  inclination,  if  you  would 
have  them  acquire  a  magnetic  force.  I  fpeak  here 
only  of  iron  ;  fleel  is  too  hard  for  the  purpofe,  and 
means  more  efficacious  mull  be  employed  to  com* 
municate  the  magnetic  virtue  to  it. 

tori  Ntvemitr,  1761.  - 
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Alihn  of  Loadjlones  on  Iron.     Phenomena  obfervable  on 
placing,  PUxes  of  Iron  near  a  Loadjlonc. 

T^HOUGH  the  whole  earth  may  be  confidered 
■*■  as  a  vaft  loadftone,  and  as  encompaffed  with  a 
magnetic  vortex,  which  every  where  direAs  the  mag- 
netic needle,  it's  magnelic  power  is,  however,  very 
Heebie,  and  much  leis  than  that  of  a  very  fmall  load- 
ftone: this  appears  very  ftrange,  confidering  the 
xnormous  magnitude  ot  \\vz  (.'.itiIi. 

It  acifes,  undoubtedly,  Ijrom  cur  very  remote  diOk 

tanc 
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(ance  from  the  real  magnetic  poles  of  tlic  cirth, 
«hich,  from  every  appearance,  arc  buried  at  a  great 
depth  below  the  furtice  :  no\v,  however  powerful  a 
loadftone  may  be,  it's  force  is  contidcrable  only  when 
it  is  very  near  j  and  as  it  removes  that  force  gradu- 
ally diniinWhes,  and  at  length  difappears.  For  this 
reafon,  the  magnetic  force  acquired  in  time  by  malTcs 
of  iron  fuitably  placed  in  the  earth's  vortex  is  very 
finall,  and  indeed  hardly  perceptible,  unlefs  it  is  very 
ibft,  and  of  a  figure  adapted  to  the  produ^ion  of  a 
vortex,  as  Jias  been  already  remarked. 

This  eflect  is  much  more  confiderable  near  a  load- 
ftone of  moderate  fize  ;  fmalt  mafles  of  iron  fpeedily 
acquire  from  it  a  very  perceptible  magnetic  force  ; 
they  are  likewifc  attracted  toward  the  loadftone  ; 
whereas  this  effect  is  imperceptible  in  the  earth's  vor- 
tex, and  confifts  only  in  direclliig  magnetic  needles, 
■without  cither  attracting  them  or  increafing  their 
weight. 

A  mafs  of  iron  plunged  into  the  vortex  of  a  load- 
ftone, likcwife  prcfents  very  curious  phenomena, 
which  well  deferve  a  particular  explanation.  Not 
only  is  this  mafs  at  firft  attracted  toward  the  load- 
ftone, but  it  too  attracts  other  pieces  of  iron.  Let 
AB,  (plate  III.  fi%.  5.  J  be  a  natural  magnet,  in  the 
vicinity  of  which,  at  the  pole  B,  is  placed  the  mafs 
of  iron  CD,  and  it  will  be  found  that  this  laft  is  ca- 
pable of  fupporting  a  bar  of  iron  EF,  Apply  again 
to  thin,  at  F,  an  iron  ruler  GH,  in  any  pofition 
whatever,  fay  iinrizontal,  fupporting  it  at  H,  and- 
it  will  be  fuuiid  that  the  ruler  is  not  only  attracted 

by 
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by  the  bar  at  F,  but  likewife  capable  of  fupporting, 
at  H,  needles  as  I K,  and  that  thefe  needles  again 
aft  on  filings  of  iron  L,  and  attract  them* 

The  magnetic  force  may  thus  be  propagated  to 
very  confiderable  diftances,  and  even  made  to  change 
it's  diredtion,  by  the  different  pofition  of  thefe  pieces 
of  iron,  though  it  gradually  diminiihes.  You  are 
pcrfeftly  fenfible,  that  the  more  powerful  the  load-' 
ftone  AB  is  of  itfelf,  and  the  nearer  to  it  the  firft 
imafi  C  D,  the  more  confiderable  likewife  is  the  effeft* 
The  late  Mr.  de  Maupertuis  had  a  large  loadftone  fo 
powerful,  that  at  the  diftance  even  of  feveral  feet, 
the  mafs  of  iron  CD  continued  to  exert  a  very  con* 
fiderable  force. 

,  In  order  to  e:&plain  thefe  phenomena,  you  have 
only  to  confider,  that  the  magnetic  matter  which 
cfcapes  rapidly^  at  the  pole  of  the  loadfione  B,  en« 
ters  jnto  the  mafs  of  iron,  and  difpofes  the  pores  of 
it  to  form  magnetic  canals,  which  it  afterward  freely 
pervades.  In  like  manner,  on  entering  into  the  bar, 
it  will  there  too  form  magnetic  canals,  and  fo  on* 
And  as  the  magnetic  matter,  on  ifluing  from  one 
body,  enters  into  another,  tliefe  two  bodies  muft 
undergo  a  mutual  attraction,  for  the  fame  reafon,  as 
I  have  before  proved,  that  two  loadftones,  which 
■prefent  their  friendly  pc.les  to  each  other,  muft  be 
attracted :  and  as  often  as  wc  obfcrve  an  attradion 
^between  two^ieccs  of  iron,  we  may  with  certainty 
conclude,  that  the  magnetic  matter  which  iffucs  from 
the  one  is  entering  into  the  other,  from  the  conti- 
VoL.  II.  S  nual 
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nual  motion  with  wliich  it  penetrates  thcfe  bodies. 
It  is  tlius  that,  in  the  preceding  diipofition  of  the 
bars  of  iron,  the  magnetic  matter  in  it's  motion  per- 
vades all  of  them,  and  this  is  the  only  rcafon  of  their 
mutual  attraction. 

The  time  phenomena  iUll  prefent  tliemielvcs,  OQ 
turning  the  other  pole  A  of  the  loadftone,  by  which 
the  magnetic  rnattcr  enters,  toward  the  mafs  of  iron. 
The  motion  in  liiis  cafe  becomes  retrograde,  and  pre- 
fervcs  the  fame  courfe;  for  the  magnetic  mattex 
contained  in  tlic  mal's  of  iron  ^vill  then  efcape  from 
it,  to  palfi  rapidly  into  the  loidftone,  and,  in  making 
it's  cfcapc,  will  employ  the  fame  efforts  to  arrange 
the  pores  in  the  mafs  fuitably  to  the  current,  as  if  it 
were  rapidly  entering  into  tiic  iron.  To  this  end, 
therefore,  the  iron  muft  be  fufticiendy  foft,  and  thcfe 
pores  pliant,  to  obey  the  efforts  of  the  magnetic  nut- 
ter. A  difficulty  will,  ho  doubt,  here  occur  to  you ; 
it  will  be  alked.  How  do  you  account  for  the  change 
of  direAion  of  the  m^netic  matter,  on  entering  into 
another  bar  of  iron ;  and  why  is  that  direction  re* 
gulated  according  to  the  length  of  the  bars,  as  it's 
courfe  is  reprefenied  in  the  figure  ?  This  is  a  very 
important  article  in  the  theory  of  magnetifin,  and  it 
proves  how  tnuch  the  figure  of  the  pieces  of  iron. 
contributes  to  the  produdion  of  the  magnetic  phe- 
nomena. « 

To  elucidate  this,  it  mufl  be  recolle^cd,  that  this 
I'ubtitc  matter  m.oves  with  the  utmolt  eafe  in  the 
iitHgnctic  i>ores,  where  it  is  feparated  from  the  ether ; 

and 
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and  that  it  encounters  very  confiderable  obftades, 
when  it  efcapes  from  them,  with  all  it's  velocity,  to 
re-enter  into  the  ether  and  the  air. 

Let  us  fuppofe  that  the  magnetic  matter,  after 
having  pervaded  the  bar  CD,  (fig.  6.  plate  III. J  en- 
ters into  the  iron  ruler  EF,  placed  perpendicularly. 
It  would  certainly,  on  it's  firft  admiflion,  preferve  the 
fame  direction,  in  order  to  efcape.  at  m^  unlefs  it 
found  an  eafier  road  in  which  to  continue  it^s  mo- 
tion :  but  meeting  at  m  the  greateft  obftrudion,  it 
at  firfl  changes  it's  diredion,  though  in  a  very  (mall 
degree,  toward  F,  where  finding  pores  adapted  to 
the  continuation  of  it's  motion,  it  will  deviate  more 
and  more  from  it's  firft  diredion,  and  travel  through 
the  ruler  £F  in  all  it's  length  \,  and,  as  if  the  mag- 
netic matter  were  loth  to  leave  the  iron,  it  endea- 
vours to  continue  it's  motion  there  as  long  as  poffible^ 
availing  itfelf  of  the  length  of  the  ruler ;  but  if  the 
ruler  were  very  fliort,  it  would  undoubtedly  efcape 
at  nu     But  the  length  of  the  ruler  prefenting  it  a 
fpacc  to  run  through,  it  follows  the  dire&ion  EF, 
till  it  is  under  the  neceflity  of  efcaping  at  F,  where 
all  the  magnetic  canals,  formed  according  to  the 
fame  direction,  no  longer  permit  the  fubtile  mag- 
netic matter  to  change  it's  direftion,  and  return 
along  the  ruler ;  thefe  canals  being  not  only  filled 
with  fucccding  matter,  but,  from  their  very  nature, 
incapable  of  receiving  motion  in  an  oppofite  direc- 
tion. 

I  ^th  Ncvimbery  1 76 1  • 
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LETTER    LXVI. 

Arming  of  Load/ienes. 

YOU  have  juft  feen  how  iron  may  receive  the 
maf:;netlc  current  of  a  loadftcne,  convey  it  to 
confideniljle  dift:inces,  ind  even  change  it's  direction. 
To  unite  a  ]o;itHione,  therefore,  to  pieces  of  iron,  is 
much  the  fame  %vith  increafing  it's  fize,  as  the  iron 
acquires  the  fame  nature  with  refpecl  to  the  mag- 
netic matter ;  and  it  being  farther  poflible  by  fuch 
means  to  change  the  direction  of  the  magnetic  cur- 
rent, as  the  poles  are  the  places  where  this  matter 
enters  the  loadllone  and  efcapes,  we  are  enabled  to 
conduct  the  poles  at  pleafure. 

On  tJiis  principle  is  founded  the  arming,  or  mount- 
ing, of  loadftoncs ;  a  fubjeft  well  worthy  of  your  at- 
tention, as  loadftones  are  thereby  carried  to  a  higher 
degree  of  ftrength. 

Loadflones,  on  bdng  taken  from  the  mine,  aje 
ufually  reduced  to  the  figure  of  a  parallelopiped,  or 
rcftangular  parallelogram,  with  thicknefe  as  A  A,  BB, 
CM'  7*  P^^''  ^^^0  of  which  the  fur&ce  A  A  is.  the 
pole  by  which  the  magnetic  matter  enters,  and  BB 
that  by  which  it  efcapes.  It  is  filled,  then,  the  whole 
'length  AB  with  canals  ab^  which  the  magnetic  mat- 
ter, impelled  by  the  elafttc  power  of  the  ether,  freely 
pervades  in  the  utmoft  rapidity,  without  any  mix- 
ture of  that  fluid.  Let  us  now  fee  in  what  manner 
fuch  a  loadrtone  is  ufually  armed. 

To 
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To  each  furfacc  AA  and  BB,*  (plate  III  fg.  8.J 
the  two  poles  of  the  loadftone,  are  applied  plates  of 
iron  a  a  and  b  by  terminating  below  in  the  knobs  2 
and  25,  called  the  feet ;  this  is  what  we  denominate 
the  armour  of  the  loadftone,  and  when  this  is  done^ 
the  loadftone  is  faid  to  be  armed.  In  this  ftate,  the 
magnetic  matter  which  would  have  efcaped  at  the 
furface  BB,  paffcs  into  the  iron  plate  bb^  where  the 
difficulty  of  flying  off  into  the  air,  in  it's  own  direo* 
tion,  obliges  it  to  take  a  different  one,  and  to  flow 
along  the  plate  b  b  into  the  foot  ^,  and  there  it  is 
under  the  neceffity  of  efcaping,  as  it  no  longer  finds 
iron  to  aflift  ;he  continuation  of  it's  motion.  The 
fame  thing  takes  place  oii  the  other  fide ;  the  fubtile 
matter  will  be  there  conduced  through  the  foot  3, 
from  which  it  will  pafs  into  the  plate  a  a,  changing 
it's  direction  to  enter  into  the  loadftone,  and  to  fly 
through  it's  magnetic  canals.  For  the  fubtile  mat* 
ter,  contained  in  the  plate,  enters  firft  into  the  load- 
ftone ;  it  is  followed  by  that  which  is  the  foot  21,  re* 
placed  in  it's  turn  by  the  external  magnetic  matter, 
•which  being  there  impelled  by  the  elafticity  of  the 
ether,  penetrates  the  foot  3  and  the  plate  a  a  \idth  a 
rapidity  whofe  vehemence  is  capable  of  arranging  the 
poles,  and  of  forming  magnetic  canals. 

Hence  it  is  evident  that  the  motion  muft  be  the 
fame  on  both  fides,  with  this  difference,  that  the 
magnetic  matter  will  enter  by  the  foot  a,  and  cfcape 
by  the  foot  2?,  fo  that  in  thefe  two  feet  we  now  find 
the  poles  of  the  armed  loadftone ;  and  as  the  poles 
formerly  diffufed  over  the  furfaces  AA  and  BB  are 

S  X  now 
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red' for  the  conftruftion  of  fuch  armour,  becaufe  it's 
pores  are  pliant,  and  cafily  arrange  themfelves  iu 
conformity  to  the  current  of  the  magnetic  matter : 
iron  of  this  defcription,  accordingly,  appears  much 
adapted  to  the  production  of  a  fudden  change  in  the 
direction  of  the  current :  the  magnetic  matter,  too, 
feems  to  afFe<^  a  progrefs  in  that  diro^ion  as  long  as 
pofiible,  and  quits  it  not,  till  the  continuance  of  it's 
motion  through  that  medium  is  no  longer  pra£ti* 
cable :  it  prefers  making  a  circuit  to  a  premature  de- 
parture: a  thing  that  does  not  take  place  in  the 
ioadftone  itfelf,  in  which  the  magnetic  canals  are  al* 
ready  formed,  nor  in  fteel,  whofe  pores  do  not  fo 
eafily  yield  to  the  efforts  of  a  magnetic  current.  But 
when  thefe  canals  are  once  formed  in  fteel,  they  arc 
not  fo  eafUy  deranged,  and  much  longer  retain  their 
aiagnetic  force ;  whereas  foft  iron,  whatever  force  it 
floay  have  exerted  during  it's  junction  with  a  load- 
fione,  lofes  it  almoft  entirely  on  being  disjoined. 

Experience  muft:  be  confulted  as  to  the  other  cir« 
euitiftances  of  arming  loadftones.  Refpe6ting  the 
plates,  it  has  been  found,  that  a  thickneis  either  too 
great  or  too  fmall  is  injurious;  but  for  the  moft 
part,  the  beft  adapted  plates  are  very  thin,  which 
would  appear  ftrange,  did  we  not  know  that  the 
magnetic  matter  is  much  more  fubtile  than  ether, 
and  that,  confequently,  the  thinneft  plate  is  fufficient 
to  receive  a  very  great  quantity  of  it. 
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ASlion  and  Force  of  armed  Loadjiones. 

AT  the  feet  of  it's  armour,  then,  a  loadftone  exr- 
erts  it's  grcateft  force,  becaufe  there  it*s  poles 
are  collected ;  and  each  foot  is  capable  of  fupporting 
a  weight  of  iron,  greater  or  lefs  in  proportion  to  th? 
^  excellency  of  the  loadftone. 

.  Thus  a  loadftone  A  A,  B  B,  (plate  III.  fg^  9.JI 
armed  with  plates  of  iron  a  a  and  b  bj  terminating 
Jn  the  feet  a  and  2?,  will  fupport  by  the  foot  SI  not 
onl)  the  iron  ruler  CD,  but  this  laft  will  fupport 
another  of  fmallcr  fize  EF,  this  again  another  ftill 
{inaller  GH,  which  will  in  it's  turn  fupport  a  needle 
IK,  which,  finally,  will  attracl,  filings  of  iron  L; 
l)ccaufc  the  magnetic  matter  runs  through  all  thefe 
pieces  to  enter  at  the  pole  J  ;  or  if  it  were  the  other 
pole,  by  wuirh  the  magnetic  matter  illucs  from  the 
loadftone,  it  would  in  like  manner  run  through  the 
pieces  CD,  EF,  GH,  IK,  Now,  as  often  as  the  mat- 
ter is  tranfmitted  from  one  piece  to  another,  an  at- 
traction between  the  two  pieces  is  obfervable,  or 
rather,  they  are  impelled  toward  Cach  other  by  the 
furroundiiiir  ether,  becaufe  the  current  of  the  vn.xz- 
iietic  matter  between  them  dimii/:lli:>>  tlic  prcffure 
of  that  iUiid. 

When  one  of  t^e  polc^  ox  the  :.\\-f:or.c  is  i!  us 
loadcvU  it\i  vortex  ur.vlcrj^ws  a  vtiv  il..  .i.x..'.  e 
c:u;:v,^o  oi  dirCvilon  ;  for  a>,  w  lihoul  i!-:b  v  .:^1::,  the 
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siagnetic  matter  which  iffues  from  the  pole  25,  di- 
reding  around  it's  courfe,  would  flow  toward  the 
other  pole  3 ;  and  as  now  the  entrance  into  this  pole 
Is  -fufiiciently  fupplicd  by  the  pieces  which  it  fup- 
ports,  the  matter  iffuing  from  the  pole  2B  muft  take 
quite  a  dif&rcnt  road^  which  will  at  length  conduct 
i.t  to  the  laft  piece  IK.  A  portion  of  it  will,  un- 
doubtedly, be  likewife  conveyed  towarid  the  laft  but 
one  GH,  and  toward  thofe  which  precede  it,  as 
thofe  which  follow,  being  fmaller,  do  not  fupply  in 
lufficient  abundance  thofe  which  go  before,  but  the 
;vortex  will  always  extend  to  the  laft  piece.  By  thefe 
means,  if  the  pieces  are  well  proportioned  to  each 
f3ther9  in  length  and  thicknels,  the  loadftone  is  ca- 
pable of  fupporting  much  more,  than  if  it  were 
loaded  with  a  (ingle  piece,  in  which  the  figure  like- 
'wife  enters  principally  into  confideration*  But  in 
order  to  make  it  fuftain  the  grcatcft  poflible  weight, 
we  muft  contrive  to  unite  the  force  of  both  poles. 

For  this  purpofe,  there  is  applied  to  the  two  poles 
2  and  23,  (^plate  W.  jig.  i.)  a  piece  of  foft  iron  CD, 
touching  the  bafes  of  the  feet  in  all  points,  and  wKofe 
figure  is  fuch,  that  the  magnetic  matter  whiv:h  ilfues 
from  2p  fihall  find  in  it  the  moft  commodious  paiiage 
to  re-enter  at  the  other  extremity  3.  Such  a  piece 
of  iron  is  callpd  the  fupporter  of  tlic  loadftone ;  and 
as  the  magnetic  matter  enters  into  it,  on  iffuing 
from  the  loadftone  at  23,  and  enters  into  the  other 
pole  a  on  illiiing  from  the  fupporter,  the  iron  will 
be  attracted  to  both  poles  at  once,  and  confcquentiy 

with  great  force.    In       '     ^o  know 

how 
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how  much  power  the  loadftone  exerts,  there  ii  a& 
fixed  to  the  fupporter  at  the  middle  F,  a  w^ht  P» 
whidi  is  increafed  till  the  loadftone  is  no  longer  ca^ 
paUe  of  fuilaimng  it,  and  then  that  wet^t  is  laid  » 
to  counterbalance  the  magnetic  power  of  the  load^ 
fione :  this  b  what  you  are  to  underftand  when  toU, 
that  fuch  a  loadftone  carries  ten  pounds  weight,  fudl 
another  thirty,  and  fo  on.  Mahomet's  coffin,  they 
pretend,  is  fupported  by  the  force  of  a  loadftone ; 
a  thing  by  no  means  impoffible,  as  artificial  magnets 
have  already  been  conftruded  which  carry  more  than 
I  CO  pounds  weight. 

A  loadftone  armed  with  it's  fupporter  loles  noth&g 
of  the  magnetic  matter,  which  performs  it's  complete 
vortex  within  the  loadftone  and  the  iron,  fo  that 
none  of  it  efcapes  into  the  air.  Since,  then,  mag- 
netifm  exerts  it's  power  only  in  •  fo  ifar  as  the  matter 
efcapes  from  one  body  to  enter  into  another  ;  a  load* 
ftone  whofc  vortex  is  fliut  up,  ihould  no  where  exert 
the  magnetic  power ;  nevcrthelefs  when  it  is  touched 
on  the  plate  at  a  with  the  point  of  a  needle,  a  very 
powerful  attraction  is  perceptible,  becaufe  the  mag- 
netic matter  being  obliged  fuddenly  to  change  it's 
diredion,  in  order  to  enter  into  the  canals  of  the 
loadftone,  finds  a  more  commodious  paffage  by  run* 
ning  through  the  needle,  which  will  confequently  be 
%ttrafted  to  the  plate  a  a.  But,  by  that  very  thing, 
the  vortex  will  be  deranged  inwardly ;  it  \^'ill  not 
flow  fo  copioufly  into  the  feet ;  and  if  you  were  to 
apply  feveral  needles  to  the  plate,  or  iron  rulers  ftill 
more  powerful,  the  current  toward  the  feet  would 
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be  cntirdy  diverted,  and  the  force  which  attrafts 
the  foj^porter  would  altogether  difappear,  fo  that  it 
would  drop  off  without  effort.  Hence  it  is  evident, 
that  the  feet  lofe  their  magnetic  power  in  proportion 
as  the  loadftone  exercifes  it*s  force  in  other  places, 
and  thus  we  are  enabled  to  account  for  a  variety  of 
very  furprizing  phenomena,  which,  without  the 
theory,  would  be  abfolutely  inexplicable. 

This  is  die  proper  place  for  introducing  the  expe- 
riment which  demonftrates,  that  after  having  applied 
it'is  fupporter  to  an  armed  loadftone,  you  may  go  on, 
from  day  to  day,  increafing  the  weight  which  it  is 
able  to  fuftain,  till  it,  at  length,  fliall  exceed  the 
double  of  what  it  carried  at  firft.    It  is  neceilary  to 
ihew,  therefore,  how  the  magnetic  force  may,  in 
time,  bp  inqreafed  in  the  feet  of  the  armour.    The 
cafe  above  defcribed,  of  the  derangement  of  the  vor- 
tex, aiTures  us,  that  at  the  moment  when  the  fup- 
porter is  applied,  the  current  of  the  magnetic  mat- 
ter is  ftill  abundantly  irregular,  that  a  confiderable 
part  of  it  is  ftill  efcaping  by  the  plate  b  by  and  that 
it  will  require  time  to  force  magnetic  canals  in  the 
iron ;  it  is  likewife  probable  that,  when  the  current 
fliall  have  become  more  free,  new  canals  may  be 
formed  in  the  loadftone  itfelf,  conlidering  that  it  con- 
tains, befide  thofe  fixed  canals,  moveable  poles,  as 
iron  does.    But  on  violently  feparating  the  fupporter 
from  the  loadftone,  the  current  being  difturbed,  and 
thefe  new  canals  in  a  great  meafurc  deftroyed,  the 
force  is  fuddcnly  rendered  as  fniall  as  at  the  begin- 
ning ;  and  fpme  time  muft  intervene  before  thefe  ca- 
nals. 


preceding 
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nals,  with  the  vortex,  can  recover  their  ] 
fiate.  I  once  conftnicicd  an  aitilici^  magnet, which 
at  iirft'  could  fupport  only  ten  pound  weight,  and, 
after  fomc  time,  I  was  furprized  to  find  that  it  couW 
fupport  more  than  thirty.  It  is  remarked,  chiefly 
in  artificial  magnets,  that  time  alone  Arengthens 
them  confidcrably,  but  that  this  increafe  of  force  lafts 
only  till  the  fupporter  is  feparatcd  from  it. 


LETTER    LSVm. 

The  Manner  of  communicating  to  Stefl  the  Maptefik 
Force,  and  of  magnetizing  Needles  for  the  Compafi  : 
the  Simple  Touch,  it's  DfcSls  ;  Means  of  remedying 

thefe. 

T  TAVING  explained  the  r?.ture  of  magnets  in  ge- 
■^  ■■■  neral,  an  article  as  curious  as  interefting  fliU 
remains,  namely,  the  manner  of  communicating  to 
iron,  but  efpcciaUy  to  flctj,  the  magnetic  power,  and 
even  the  higheft  degree  poflible,  of  that  power. 

You  have  leen  that,  by  placing  iron  in  the  vortex 
of  a  luatiUonc,  it  acquires  a  magnetic  force,  but  which 
almofi  totally  difippears,  as  foon  as  it  is  removed  out 
of  the  vortex  j  and  tliat  the  vortex  of  the  earth  alone 
is  capable,  in  time,  of  imprefiing  a  flight  magnetic 
power  upon  iron  ;  now,  flcel  being  harder  than  iron, 
and  alnioft  entirely  inlenfihle  to  this  aclion  of  the 
magnetic  vortex,  more  pOAvertul  opcrauons  muft 
cmpl' 
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ernployed  to  magnetize  it ;  but  then  it  retains  the 
magnetic  force  much  longer. 

For  this  purpofe  we  muft  have  recourfe  to  touch- 
ing, arid  even  to  friftion.  I  begin,  therefore,  with 
explaining  the  method  formerly  employed,  for  mag- 
netizing the  needles  of  compafles  ;  the  whole  opera^ 
tion  confifted  in  rubbing  them  at  the  pole  with  a 
good  loadftbne,  whether  naked  or  armed. 

The  needle  a  b  c  C plate  IV.  Jig.  2.)  was  laid  oh 
a  table;  the  pole  B  of  the  loadftone  was  drawn 
over  it,  from  b  toward  ^z,  and,  being  arrived  at  the 
extremity  /?,  the  loadftone  was  raifed  aloft,  and 
brought  back  through  the  air  to  A ;  this  operation 
was  repeated  feveral  times  together,  particular  care 
being  taken  that  the  other  pole  of  the  loadftone 
ihould  not  come  near  the  needle,  as  this  would  have 
difturbed  the  whole  procefs.  Having  feveral  times 
drawn  the  pole  B  of  the  loadftone  over  the  needle 
from  b  to  a^  the  needle  had  becciric  magnetic,  and 
the  extremity  b  of  the  fame  name  \v\th  that  of  the 
loadftone  with  which  it  had  been  rubbed.  In  order 
to  render  the  extremity  b  the  north  pole,  it  would 
have  been  neceflary  to  rub  with  the  pole  of  this  name 
in  the  loadftone,  proceeding  from  b  to  ^i ;  but  in 
rubbing  with  the  fouth  pole,  the  progrefs  muft  be 
from  ^  to*. 

lliis  method  of  rubbing  or  touching,  is  denomi- 
nated the  ftmple  touchy  becaufe  the  operation  is  per- 
formed by  touching  with  one  pole  only  ;  but  it  xi 
extremely  defective,  and  communicates  but  very  little 

power 
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power  to  the  needle,  let  the  loadftone  be  ever  fo  & 
cellcnt ;  accordingly  it  does  not  fucceed,  when  the 
fteel  is  carried  to  the  higheft  degree  of  hardncfe, 
though  this  be  the  ftate  bell  adapted  to  the  retention 
of  magnetifm.  You  will  yourfelf  readily  difcem  the 
defefts  of  this  method  by  the/unple  touch. 

Let  us  fuppofe  that  B  is  the  pole  of  the  loadftons 
from  which  the  magnetic  matter  iflues,  as  the  effe^ 
of  the  two  poles  is  fo  fimilar  that  it  is  impoflible  f 
perceive  the  flighteft  difference :  having  refted  ttie 
pole  on  the  extremity  b  of  the  needle,  the  magnetic 
matter  enters  into  it  with  all  the  rapidity  with  whic^ 
it  moves  in  the  loadflone,  incomparably  greater  th^-  ^ 
that  of  the  vortex  which  is  in  the  external  air.    Bi-*^ 
what  will  become  of  this  matter  in  the  needle?  %-^ 
cannot  get  out  at  the  extremity  b,  it  will,  therefor^> 
make  an  effort  to  force  it's  way  through  the  needl^ 
toward  a,  and  the  pole  B  moving  in  the  fame  direct 
tton,  'will  ailifi  this  effort ;  but  as  foon  aa  the  pole  ^^ 
flull  arrive  at  a,  the  difficulty  of  efcaiung  at  ihc  tx/^ 
tremity  a  will  occafion  a  contrary  effort,  by  ix^iict*^ 
the  magnetic  matter  will  be  impdled  from  a  tavnuS- 
h ;  and  before  the  firft  effed  is  entirely  defiroyed^ 
this  lafl  cannot  take  place.    Afterwards,  whoi  thff 
pole  B  is  again  brought  bade  to  the  extremity  b,  thitf 
lall  effect  is  again  deltroyed,  but  without  producing^ 
however,  a  current  in  the  contrary  dire^on  from  b 
toward  a }  and  con&quently,  when  the  pole  B  fliall 
have  got  beyond  c  in  it's  progreds  toward  a,  it  wiU 
more  ealily  produce  a  current  from  a  to  b^  efpecially 
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If  ytm  pre(s  more  hard  on  the  half  c  a :  hence  it  is 
dear,  that  the  needle  can  have  acquired  only  a  iinall 
degree  of  the  magnetic  power. 

Some,  accordingly,  rub  only  the  half  c  a  (plan  III. 

Jig.  I  o.)  proceeding  from  c  to  a,  and  others  touch 

€XQ\y  the  extremity  a  of  the  needle,  with  the  pole  B 

of  the  los^one,  and  with  nearly  the  fame  fucce&. 

Bat  it  is  evident  that  the  magnetic  matter  which 

enters  by  the  extremity  a  only,  is  incapable  of  aAing 

with  fuffident  vigor  on  the  pores  of  the  needle,  for 

vranging  them  conformably  to  the  laws  of  mag* 

netifin  }  and  that  the  force  imprefTed  by  this  method 

linuft  be  extremely  fmall,  if  any  thing,  when  the  fieel 

19  very  much  hardened. 

It  appears  to  me,  then,  that  the£e  defeds  of  the 
^mple  t9ucb  might  be  remedied  in  the  following  man- 
ner ;  of  the  fuccefs  of  which  I  entertain  no  doubt, 
thoygh  I  have  not  yet  tried  it,  but  am  confirmed  in 
jpy  opinion  by  experiments  which  I  have  made, 

I  would  cafe  the  extren^iity  b  of  the  needle,  Q^laie 
ULfig^  1 1.)  ui  ^  niler  of  fbft  iron  £  F ;  and  I  Ihould 
think  it  proper  to  make  that  ruler  very  thin,  and  as 
jftndght  as  pofiible,  but  the  extremity  muft  be  exadly 
ai^died  in  all  points,  and  even  fitted  to  a  groove  per- 
fe&ly  adjufied  for  it^s  reception.  On  reding  the  pole  B 
of  the  loadfione  upon  the  extremity  b  of  the  needle, 
the  magnetic  matter  whicli  enters  into  it,  meeting 
Icarcdy  any  difficulty  in  it's  progrefs  through  the 
iron  ruler,  will  at  once  purfue  it's  courfe  in  the  di- 
redion  ^^•^^  ^n  proportion  as  the  pole  advances 
toward  tic  matter,  in  order  to  continue 

this 
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thN  courfe,  has  only  to  arrange  the  pore$  on  iriiicli 
It  immediately  aAs ;  and  having  reached  a^  aU  thele 
portSt  oratlcaft  by  far  the  greater  part  of  them,  wfll 
be  alreidy  difpofed  conformably  to  that  diMiftimi. 
^Whenyou  afterwards  re-commence  the-fiidioa^ 
the  extremity  h^  nothing  is  ddbroyed,  &k  you*  qok^ 
tinue  to  perfeft  the  current  of  the  magtme'  raaomi 
foDowing  the  fame  dif edion -hdXyj  likiewife  arnuif^' 
ii^  the  pora  which  refitted  the  firft  operation;  aUd 
^is  the  nu^clic  canab,  in  the  needle,  vrSk  ^alHrftyl 
bcmme  more  perfed.    A  few  ftroke^  of  the  pole  |^^ 
ipriD  be  fufficient  for  the  purpofe,  provided  the  IfibiA^ 
ftonc  is  not  too  weak :  and  I  have  no  doubt,  that^ 
beft  tempered  fled,  that  is,  rendered  as  hard  as  pofr 
Jible,  would  y£dd  to  this  method  tif  operating ;-  an 
uniQpeakable  advantage  in  the  conftrudion  of  com- 
fvifles,  as  it  has  been  found  that  ordinary  needles  fre- 
quently lofc,  by  a  flight  accident,  all  their  magnetic 
powxT  ;  by  which  fhips  at  fea  would  be  exposed  lo 
t  he  ^eateft  dangers,  if  they  had  not  others  iii  rc- 
icrvc.     But  when  needles  are  made  of  wdl  tempered 
ilccl,  accidents  of  tliis  kind  are  not  fo  much  to  be  ap- 
prehended ;  for  if  a  greater  forte  is  requifite  to  ren- 
der them  magnetic,  in  return  they  prefcrvc  the  power 
more  tenadoufly, 

Q.^th  November^  1 76 1  • 
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LETTER   LXIX. 

0//  the  Double  Touch,     Means  of  prefcrving  the  Mag- 

nefic  Matter  in  rnagneiized  Bars. 

TNSTEAD  of  this  mfcthod  of  magnetizing  iron  or 
-■"  ftecl  by  theftmple  touchy  by  rubbing  with  one  pole 
only  of  the  loadftone,  we  now  employ  the  double 
touchy  in  which  we  rub  with  both  'poles  at  once, 
which  is  cafily  done  by  means  of  an  armed  load- 
ftone. 

Let  E  F,  (plate  TV.  jig.  4.  J  be  a  bar  of  iron  or  ftccl 
which  you  wifh  to  render  magnetic.  Having  fixed 
it  fteadily  on  a  table,  you  prefs  upon  it  the  two  feet 
A  and  B  of  an  armed  loadftone.  In  this  ftate,  vou 
will  eafily  fee  that  the  magnetic  matter,  which  ilVues 
from  the  loadftone  by  the  foot  B  muft  penetrate  into 
the  bar,  and  would  diffiife  itfelf  in  all  direftions,  did 
not  the  foot  A,  on  it*s  fide,  attraft  the  magnetic  mat^ 
ter  contained  in  the  pores  of  the  bar.  This  evacu- 
ation, therefore,  at  d  will  determine  the  matter, 
which  enters  by  the  pole  B,  to  take  it's  courfe  from 
e  toward  d.  provided  the  poles  A  and  B  are  not  too 
remote  from  each  other.  Then  the  magnetic  cur- 
rent  will  force  it's  way  in  the  bar,  in  order  to  pafs 
from  the  pole  B  to  the  pole  A,  difpofing  it's  pores  to 
form  magnetic  canrJs ;  and  it  is  very  eafy  to  difco* 
vcr  whed^^his  is  taking  place  ;  you  have  only  to 
obferv  idftone  is  powerfully  attracted  to 

Vol  T  the 
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the  bar,  wliich  never  fails,  if  the  bar  is  of  foft  iron, 
as  the  magnetic  matter  eafily  penetrates  it.     But  if 
the  bar  is'  of  fteel,  the  attraiftion  is  frequently  very 
final],  a  proof  that  tlie  magnetic  matter  is  incapable 
of  opening  for  itfclf  a  paiTage  from  c  to  d  ;  hence  it 
is  to  be  concluded  lliat  the  loadftone  is  too  feeble,  or 
that  the  diftance  between  it's  two  poles  is  too  great : 
in  this  cafe  it  would  be  neceflary  to  employ  a  load—  j 
ftonc  more  powerful,  or  whofe  feet  are  nearer,  or,^ 
finally,  the  armour  of  the  loadftone  ought  to  be^ 
changed  into  tlie  form  rcprefented  in  plate  IV.  ^fig.  3—* 
But  here  is  a  method  for  remedying  tliis  incon- 
venience. 

Having  difpofed,  at  fmall  intervals  c  d  (plate  IV.  — 
Jig.  4.)  the  powers  conformably  to  magnetifm,  the  — 
loadftone  muft  be  feveral  times  drawn  backward  and  — 
forward  over  tlie  bar,  from   one  extremity  to  the  -^ 
other,  without  taking  it  off,  till  you  perceive  that 
the  attraction  no  longer  increafes  ;  for  it  is  undoubt- 
edly certain,  that  attraction  is  incrcaled  in  proportion 
to  the  increafe  of  the  magnetic  force.     The  bar  E  F 
will  be  magnetized  by  this  operation,  in  fuch  a  man- 
^ner  that  the  extremity  E,  toward  which  the  pole  A 
was  turned,  will  be  the  friendly  pole  of  A,  and  con- 
ftqucntly  of  the  fame  name  with  the  other  polcB. 
Again,  on  removing  the  loadftone,  as  magnetic  ca- 
nals are  formed  the  whole  length  of  the  bar,  the 
magnetic  matter  diffufed  through  the  air  will  force 
a  paffage  througli  thefe  canals,  and  will  make  the 
bar  a  real  magnet.    It  will  enter  by  the  extremity  a 

and 
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and  ,efcapc  by  the  extremity  by  from  whence  a  part, 
at  leaft,  will  return  to  ^ ,  and  will  form  a  vortex  fuch 
as  the  nature  of  the  bar  permits. 

I  take  ^his  occafion  to  remark,  that  the  formation 
of  a  vortex  is  abfolutely  neceffary  to  the  increafe  of 
magnetifm ;  for  if  all  the  magnetic  matter  which 
goes  out  at  the  extremity  b  were  to  fly  off,  and  be 
entirely  difperfed,  without  returning  to  a^  the  air 
would  not  fupply  a  fufficient  quantity  to  the  other 
extremity  a^  which  muft  occafion  a  diminution  of 
the  magnetic  force.  But  if  a  confiderable  part  of 
that  which  efcapes  at  the  extremity  b  returns  to  a^ 
the  air  is  abundantly  able  to  fupply  the  remainder, 
and  perhaps  ftill  more,  if  the  magnetic  canals  of  the 
bar  are  capable  of  receiving  it ;  the  bar  will  there- 
fore, in  that  cafe,  acquire  a  niuch  greater  magnetic 
force. 

This  confideration  leads  me  to  explain  how  it  is 
poffible  to  keep  up  the  magnetic  matter  in  magne- 
tized bars.  The  objeft  being  to  prevent  the  mag* 
netic  matter,  which  pervades  them,  from  difperfing 
in  the  air,  thefe  bars  are  always  difpofed  in  pairs  of 
cxaflly  the  fame  fize.  They  are  placed  on  a  table, 
in  a  parallel  fituation,  fo  that  the  friendly  poles,  or 
thofe  of  different  names,  fhould^  be  turned  to  the 
feme  fide  as  in^^.  5. 

MM  and  NN  reprefent  the  two  bars,  whofe 
friendly  poles  a  bj  b  a  are  turned  the  fame  way. 
To  prevent  miftake,  a  mark  x  is  made  on  each  bar, 
at  th'  *mity  where  the  north  pole  is,  and  to 

both  '  ^d  a  piece  of  foft  iron  E  E  and  F  F, 

Ta  for 
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for  receiving  the  magneLic  current.  In  this  manner, 
the  whole  m:igrict:ic  matter  which  pervades  the  bar 
M  M,  and  which  ilTues  at  the  extremity  b,  paffcs  into 
the  piece  of  iron  E  E,  where  it  ealily  makes  it'^  w-ay, 
to  enter  at  the  extremity  a  of  the  other  bar  N  N, 
from  which  i'  will  cfcape  at  the  extremity  b  ir.to  the 
other  piece  of  iron  F  F,  which  re-conveys  it  into  the 
fcrft  bar  IW  M  by  the  extremity  a.  Thus  the  mag- 
netic mailer  will  continue  to  circulate,  and  no  part 
of  it  efcape  ;  and  even  in  cafe  there  fhould  not  be  at 
firft  a  fuilidcnt  quantity  to  fupply  the  vortex,  the 
^r  will  fupply  the  deficiency,  and  the  vortex  will 
■preferve  all  it's  force  in  llie  two  b;irs. 

This  difpofition  of  (lie  two  bars  may  likewife  be 
employed  for  magnetizing  both  of  them  at  once. 
The  two  poles  of  a  loadltone  muft  be  drawn  over 
the  two  bars,  palling  from  the  one  to  the  other  by 
the  pieces  of  uon,  and  the  circuit  muft  be  feveral 
times  performed,  carefully  obfcrving  tiiat  the  two 
poles  of  tlic  loadilone  A  and  B  be  turned  as  the 
figure  dirc^s. 

This  method  of  magnetizing  two  bars  at  once,  muft 
be  much  more  eiDcacious  than  the  preceding,  as 
from  the  very  Grft  circuit  performed  by  the  load- 
(lone,  the  magnetic  matter  will  begin  to  flow  through 
the  two  bars  by  means  of  the  two  pieces  of  iron. 
Afterwards,  by  repeated  circuilous  applications  of 
the  loadftone  to  the  bars,  a  greater  quantity  of  pores 
will  be  arrani;cd  in  tliem  conformably  to  magnetifm, 
and  mote  magnetic  canals  will  be  opened,  by  which 
the  vortex  will  be  int>re  and  more  firengthcned, 
witliout 
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vrithout  undergoing  any  diminution.  If  the  bars 
are  thick,  it  would  be  proper  to  turn  and  rub  them, 
in  the  fame  manner,  on  the  other  furfaces,  in  order 
that  the  magnetic  aftion  may  penetrate  them  tho- 
roughly. 

Having  obtained  thefe  magnetic  bars  M  M,  N  N, 
f plate  IV.  Jig.  6.)  they  may  be  employed,  in  place  of 
the  natural  loadftone,  for  magnetizing  others.  They 
are  joined  together  a-top,  fo  that  the  two  friendly 
poles  a  b  may  touch  each  other ;  and  the  other  two 
poles  below,  b  and  ^,  are  feparated  as  far  as  it  is 
thought  proper.  Then  we  rub  with  the  two  under 
extremities,  \vhich  fupplyithe  place  of  the  two  poles 
of  a  loadftone,  tw^o  other  bars  E  F  in  the  manner 
inrhich  I  have  above  explained. 

As  thefe  two  bars  are  joined  in  the  form  of  com- 
pafTes,  we  have  the  advantage  of  opening  the  lower 
extremities  as  much  or  as  little  as  we  pleafe,  which 
cannot  be  done  with  a  loadftone  ;  and  the  magnetic 
current  will  eafily  pafs  a-top,  where  the  bars  touch 
each  other,  from  the  one  to  the  other.  A  fhiall 
piece  of  foft  iron  P  might  likewifc  be  applied  there, 
the  better  to  keep  up  the  current :  and  in  this  man- 
ner you  may  eafily  and  fpeedily  magnetize  as  many 
double  bars  as  you  pleafe. 

aSti  November,  1761. 
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The  Method  of  communicating  fo  Ban  of  Steel  a  vrr-  J"! 
great  Magnetic  Force,  by  Means  of  other  Bars  wbi-^^'' 
have  it  in  a  very  inferior  Degree. 

'THROUGH  this  method  of  magnetizing  by  i^  "^' 
-*■  double  touch  be  preferable  to  the  prccedin|T,  tl^^^ 
magnetic  power,  however,  cannot  be  carried  beyoi*:^^^ 
a  certain  degree.  Whether  we  employ  a  natur;:  " 
loadflonc,  or  two  magnetic  bars  for  rubbing  oth^s^^'" 
bars,  ihefe  laft  will  never  acquire  fo  much  force  s^^s 
'  the  firft ;  it  being  inipoffibk  that  the  effect  fiiould  b—  * 
greater  than  the  caufe. 

If  the  bars  with  which  we  rub  have  little  fbrcff> 
thofe  which  are  rubbed  will  have  ftiU  lefs  :  the  rca.- 
fon  is  evident ;  for  as  bars  deliitute  of  magnetic  forctf 
never  could  produce  it  in  otiicrs,  fo  a  niodeiate  de- 
gree of  force  is  incapable  of  protlucing  one  greater 
than  itfclf,  at  leaft  by  the  method  which  I  have  been 
defcribing. 

But  this  rule  is  not  to  be  taken  in  tlie  ftri^  inter" 
pretation  of  the  words,  as  if  it  were  literally  impof- 
fible  to  produce  a  greater  magnetic  force  by  the 
afliftance  of  a  finaller.  I  am  going  to  point  out  a 
method  by  which  tlie  magnetic  power  may  be  in- 
crcafed  almoll  as  far  as  you  plcifc,  beginning  ^^•ith 
the  fnialleft  degree  polTible.  This  is  a  late  difcovery, 
which  merits  fo  much  the  more  attention  that  it 
throws  much  light  on  a  very  difficult  fubjecl,  the 
nature  of  magnetifm. 

Suppof 
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Suppofing  me  pofieffed  of  a  very  feeble  loadftone, 
or,  for  want  of  a  natural  magnet,  of  bars  of  iron  ren- 
dered' fome what  magnetic,  merely  by  the  vortex  of 
the  earth,  as  I  explained  it  in  a  preceding  letter,  I 
then  provide  myfelf  with  eight  bars  of  fteel  very 
fmall  and  not  hardened,  in  order  the  more  eafily  to 
receive  the  fmall  degree  of  magnetic  power  which 
the  feeble  loadftone,  or  flightly  magnetized  bars,  are 
capable  of  communicating,  by  rubbing  each  pair  or 
couple  in  the  manner  I  formerly  defcribed.  Having 
then  eight  bars,  magnetic  but  in  a  very  fmall  degree, 
I  take  two  pair,  which  I  join  togethei;  in  the  manner 
reprefented,^/^/^  IV.  Jig.  7. 

By  uniting  the  two  bars  by  the  poles  of  the  fame 
name,  I  form  but  one  of  double  the  thicknefs,  and 
with  which  I  form  the  compafs  A  C  and  B  D ;  the 
better  to  keep  up  the  magnetic  current,  a  piece  of 
foft  iron  P  may  be  applied  at  the  top  C  D.  The  legs 
of  the  compafs  may  be  feparated  as  far  as  is  judged 
proper,  and  I  rub  with  them,  one  after  the  other, 
the  remaining  bars,  which  will  thereby  acquire  more 
power  than  they  had  before,  becaufe  the  powers  of 
the  firft  are  now  united.  I  have  now  only  to  join 
thefe^  two  pair  newly  rubbed,  in  the  fame  manner, 
and  by  fubbing  with  them  one  after  the  other,  the 
two  pair  firfl  employed,  and  the  power  of  thefe  will 
be  confiderably  uicreafcd.  I  afterwards  join  thefe 
two  psdr  toaM|H|^id  go  on  rubbing  others  in  order 
to  augmcn^^^^^~^^etic  force,  and  ftill  two  pair 
with  two  ]  ^;    and  by  repeating  this 

operation  tht  ^  may  be  carried  to  f  '^ 

adc 
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.  a  degree,  as  to  become  infuiceptibie  of  further  ia** 
creafe,  even  by  continuing  the  operation*    Whcn^ 
wc  have  more  than  four  pair  of  fuch  bars,  inftead  >c> 
two  pair,  three  may  be  joined  together  for  the  pit^f* 
pofe  of  rubbing  others ;  they  will  thereby  be  fooi>.  ^^ 

.  carried  to  the  higheft  degree  poffible. 

.;  -Tl^e  gi'cateft  obftades  are,  therefore,  furmounte-     "» 
and,  by  means  of  fuch  bars  joined  together  by.t^^^® 
or  more  pairs,  we  may  rub  others  of  fted  propei — '^v 
liardened,  and  which  may  be  either  of  the  fame  fix 
or  ftill  greater  than  the  firft,  to  which  the  great 
power  of  which  they  are  fufceptible  may  be  thc::^— -^ 
communicated. 

Beginning  with  fmall  bars  fuch  as  I  have  defcribe 
thefe  operations  may  be  fucceffively  applied  to  ba 
of  an  enormous  fize,  and  made  of  the  hardefi  fted 
which  is  lefs  liable  to  lofc  the  magnetic  power.    Onl 
it  is  to  be  obfcrved,  that  for  the  purpofc  of  rubbin 
large  bars,  feveral  pairs  ought  to  be  joined  together 
wliofe  united  weight  Ihouldbeat  Icaft  double  that  o 
the  large  one.     But  it  would  always  be  better  to 
proceed  by  .degrees,  and  to  rub  each  fpecies  of  bars 
with  bars  not  much  fmaller  than  themfdves,  or  it  may 
be  fufilc  lent  to  join  at  mod  two  pair :  for  when  we 
are  obliged  to  'join  more  than  two  pair,  the  extrcmi- 
lieii  witli  wliich  the  friclion  is  performed  will  extend 
tc;o  far,  and  the  magnetic  matter,  which  paffes  that 
way,  will  itLli  prevent  it's  being  directed  conformably 
to  tlie  direiT:ion  of  the  bar  that  is  rubbed }  and  tlie 
riithcr,  that  it  enters  the  bar  perpendicularly,  whereas 
it  nrccP/arilv  (liould  take  a  horizontal  direclion. 
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In  order  to  facilitate  this  change  of  direction,  it  is 
proper  that  the  magnetic  matter  ihould  be  led  to  it 
in  a  fmall  fpace,  and  in  a  direftion  already  approach- 
ing to  that  which  it  ought  to  take  within  the  bar 
which  we  are  going  to  rub.  The  following  method^ 
1  think,  might  be  effeftual  for  this  purpofe. 

Plate  IV.  fg.  8.  reprefents  five  pair  of  bars  M  M, 
N  N,  joined  together,  but  not  in  the  form  of  a  com- 
pafs.     There  is  at  top  a  bar  of  foft  iron  C  D,  to  keep 
up  the  vortex ;  below,  I  do  not  rub  immediately 
with  the  extremities  of  the  bars,  but  I  cafe  thefe  ex- 
tremities  on  each  fide  in  a  foot  of  foft  iron,  faftening 
them  to  it  with  fcrews  marked  O.     Each  foot  is  bent 
at  A  and  B,  fo  that  the  diredlion  of  the  magnetic 
matter,  which  freely  pervjides  thefe  feet,  already  has 
a  confiderable  approximation  to  the  horizontal,  fo 
that  in  the  bar  to  be  rubbed  E  t  it  has  no  need 
greatly  to  change  it's  diredlion.     I  have  no  doubt 
that,  by  means  of  thefe  feet,  the  bar  E  F  will  receive 
a  much  greater  magnetic  power,  than  if  we  rubbed 
immediately  by  the  extremities  of  the  bars,  the  depth 
of  whofe  vertical  direftion  naturally  oppofes  the  for- 
mation of  horizontal  magnetic  canals  in  the  bar  E  F. 
It  is  like\vife  poflible,  in  praclifing  this  method,  to 
contraft  or  extend  the  diftance  of  the  feet  A  and  B, 
at  pleafure. 

I  muft  farther  obferve,  that  when  thefe  bars  lofe, 
.  in  time,  their  magnetic  power,  it  is  cafily  reftorcd  by 
the  (ame  operation. 

LETTER 
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—  '.J J  Mjgncts  in  F:rm  zfa  IlorfcSkci* 

.  .1    rnhes  to  make  experiments    ^^ 
\-jcru«3  of  the  loadftone,  ought  to   ^ 
v.,t    .   .prcit  number  of  magnetic  ba.^ 
•    x:zj^^  '^  to  a  very  large  fize.    Ea.  ^ 
sukxrr^.^  X  piirticular  magnet,  having  i  ^^ 
ISC  MTth  and  the  other  fouth. 
^*  c  ^-.^siuiered  it  as  extremely  remar 
;c  .:it3ewtttion  of  the  magnetic  pow 
^ai  be  fupplied  by  a  wretched  n 
r  Tf  X  pair  of  tongs  in  the  chimne>^ 
:;lw  jciiuired  by  length  of  time  *- 
.   .iu:C^etilin,  we  fliould  be  enabled  tc^ 
.vfcii-  :o  tuch  a  degree,  as  to  commu- 
.  ^'t:-:  -MTJ  of  fteel,  tlic  higheft  degree 
..  .^  which  they  are  fufceptible.     It 
,;>   .■  add  that,  by  this  method,  we 
_i.;:rjL>  the  beft  magnetic  needles, 
_  .^-,r  ehon  the  common,  but  made 
...  _  :he  higheft  degree,  which  ren- 
.  >.  iL^c.     I  have  only  a  few  words 
.   , . V.on  of  artificial  magnets,  which 
.  ..:*  /;  X  horfc-flioe,  as  you  muil 


^  V  >  in5^"er  the  fame  purpofes, 

.    -    ..   uroril,  with  this  advantage 

,.  >  w  ,Aii  MV'  much  more 

"^wcrftxl. 
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powerful,  by  giving  them  a  fuflGicient  magnitude. 
They  are  ntiade  of  well-temp6red  fteel,  and  the  figure 
of  a  horfe-fhoe  feems  the*  moft  proper  for  keeping  up 
the  vortex.  When  the  mechanic  has  finifhed  his 
work,  we  communicate  to  it  the  greaieft  degree  of 
magnetic  power  of  which  it  is  fufcoptible,  by  means 
of  the  magnetic  bars  of  which  I  have  given  a  defarip- 
lion.  It  is  evident  that  the  greater  this  magnet  is, 
the  larger  muft  be  the  bars  we  employ ;  and  this  is 
the  reafon  why  we  ihould  be  provided  with  bars  of 
all  fizes.  "^ 

In  order  to  magnetize  a  horfe-fhoe  HI  G,  {plate 
IV*  fig.  9.)  wliich  ought  to  be  of  fteel  well  tempered, 
we  place  on  the  table  a  pair  of  magnetic  bars  A  C 
and  BD,  with  their  fupporters  of  foft  iron  applied  on 
both  fides,  but  of  which  the  figure  reprefents  only 
one  £  F,  the  other  having  been  removed  to  make 
way  gradually  for  the  application  of  the  feet  of  the 
horfe-fhoe,  as  you  fee.  In  this  flate,  the  magnetic 
matter,  which  pervades  the  bars,  will  make  ftrong 
efforts  to  pafs  through  the  horfe-fhoe,  the  poles  of  the 
bars  being  adapted  magnetically  to  thofe  of  the  horfe- 
flioe ;  but  confidcring  the  hardnefs  of  tempered  fteel, 
it  will  not  be  fufficient  to  arrange  the  pores  and  open 
for  itfelf  a  paflage.  The  fame  means,  therefore,  muft 
be  employed  to  this  effeft,  which  were  prefcribed  for 
the  magnetizing  of  bars.  We  take  a  compafs  formed 
of  another  pair  of  magnetic  bars,  and  rub  them  in 
the  fame  maimer  over  the  horfe-fhoe ;  magnetic 
canals  will  thereby  be  opened,  and  the  fubtile  matter 
of  the  bars,  by  pervading  it,  will  form  the  vortex  of 
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that  fluid,  I*arucubr  care  muft  be  taken,  in  tliif 
operaiion,  that  tlie  Icr^s  of  the  coinpafs,  in  paflhig 
over  the  horfc-ihoc,  do  not  touch  the  cxtremiiies  A 
and  B  of  the  b;irs  ;  for  this  would  diilurh  tTie  current 
of  the  ma.'^ctic  matter,  which  would  pafs  immedf-. 
Btdy  frnni  the  bars  into  the  legs  of  the  cotnpaft  ;  of* 
■the  vortices  of  the  bars  and  of  the  compaii  would- 
mutu.illy  deraiigx;  each  othcr- 

lliG  horfe-fhoe  will  thereby  ncqulre  very  great 
power,  bcin^  pervaded  by  an  impetuous  magnetic 
current.  All  tliat  remiuns  to  be  done,  is  to  detack 
the  bars,  withtmt  deranging  the  current.  If  they  are 
feparated  violently,  the  magnetic  vortex  will  be  de- 
firoycd,  and  the  artilidal  magnet  will  retain  very 
Kttle  power. 

The  canals  being  kept  up  no  longer  than  the  mag- 
netic matter  pervades  them,  it  muft  be  concluded, 
that  the  particles  which  form  thefe  canals  are  in  a 
forced  date,  and  that  this  fcate  fubllfts  only  while  the 
vortex  acts ;  and  that  as  foon  as  it  ceafes,  thefe  par. 
tides,  by  their  elafticity,  wili  deviate  from  their  forced 
Ctuation,  and  the  magnetic  canals  will  be  interrupted 
and  deilroyed.  This  we  cfcarly  fee  in  the  cafe  of 
foft  iron,  whofe  pores  are  quickly  arranged,  on  the 
approach  of  a  magnetic  vortex,  but  retain  fcarcely  any 
magnetic  power,  when  removed  out  ^f  the  vortex. 
This  proves  that  the  pores  of  iron  are  moveable,  but 
endowed  with  an  elafticity  which  changes  their  fitua- 
tion,  as  foon  as  force  ceafes.  It  requires  length  of 
time  to  fix  certain  pores  in  the  pofition  impreffed  on 
tbjm  by  the  magnetic  force,  which  takes  place  chiefly 
6  ia 
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in  bars  of  iron  long  expofcd  to  the  vortex  of  the  earth. 
The  pores  of  fteel  are  mucli  lefs  flexible,  and  better 
fupport  the  ftate  into  which  they  have  been  forced  ; 
they  are,  however,  liable  to  fome  derangement,  as 
foon  as  force  ceafes  to  act  on  them,  but  this  dcrange- 
ttient  is  lefs  in  proportion  to  the  hardncfs  of  the  ftcel. 
Por  this  reafon^  artificial  mag-nets  ought  to  be  made 
of  the  hardeft  fteel :  were  they  to  be  made  of  iron, 
^licy  would  immediately  acquire,  on  being  applied  to 
Magnetic  bars,  a  very  great  degree  of  power ;  but 
the  moment  you  detach  them,  all  that  power  would 
<iifappear.     Great  precaution  muft,  therefore,  be  em-* 
ployed,  in  feparating  from  the  bars  magnets  com- 
pofed  of  well-tempered  fteel.     For  this  purpofe,  be- 
fore the  feparation,you  prefs  the  fupporter,  wluch  is 
of  very  foft  iron,  in  the  direction  of  the  line  M  N, 
{plate  IV.  jig,  10.)  taking  particular  care  not  to  touch 
the  bars  with  it,  for  this  would  mar  the  whole  pro- 
cefs,  and  oblige  you  to  repeat  the  operation.     On  the 
application  of  the  fupporter,  a  confidcrable  pordon  of 
the  magnetic  matter  which  is  circulating  in  the  mag« 
net  G  HI,  will  make  its  way  through  the  fupporter, 
and  form  a  fcparate  vortex,  which  will  continue  after 
the  magnet  is  detached  from  the  bars. 

Afterwards  you  prefs  the  fupporter  flowly  forward 
over  the  legs  of  the  magnet  to  the  extremities,  as  re* 
prefented  in  the  figure,  and  in  this  ftate  permit  it  to 
reft  for  fome  time,  that  the  vortex  may  be  allowed 
to  fettle.  The  fupporter  is  likewife  furniflied  ^^ith  a 
weight  P,  which  may  be  increafcd  every  day  ;  it  being 

ilwavs 
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always  underftood,  that  the  fupporter  is  to  be  fo 
perfcftly  adjuftcd  to  the  feet  of  the  magnet,  as  to 
touch  them  in  all  points. 

llh  Decrmhcr,  1761. 


LETTER     LXX  I. 

On  Disptricks  ;  Injlruments  which  that  Science fuppUet  SA^ 
of  Tckfcopes  and  Micro/copes.  Different  Figures  givcfWI^ 
to  Glajfa  or  Lenfcs.  g 

THE  wonders  of  dioptricks  will  now,  I  think  .^ 
iurniih  a  fuhjcct  worthy  of  your  attention  — 
This  fclencc  provides  us  with  two  kinds  of  inftru- — 
ments  conipofed  of  glafs,  whicii  lerve  to  extend  our^ 
fphcrc  of  vifion,  by  dilcovering  objects  which  wouIA 
efcapc  the  naked  eye. 

There  are  two  cafes  in  which  the  eye  needs  affift- 
ancc :  the  firft  is,  when  objects  are  too  diftant  to  ad- 
mit of  our  feeing  them  diftinclly ;  fuch  are  the  hea- 
Tcnly  bodies,  refpefting  which  the  moft  important 
difcoveries  have  been  made  by  means  of  dioptrical 
inftruments.  You  will  pleafe  to  recoiled  what  I  ' 
have  faid,  concerning  the  Iktellites  of  Jupiter,  'which 
aflift  us  in  the  difcovery  of  the  longitude:  they  are 
vifible  only  with  the  aid  of  good  telefcopes,  and  thofe 
of  Saturn  require  telefcopes  of  a  ffill  better  conftruc- 
tion. 

There  are,  bcfides,  on  the  furface  of  the  earth  ob- 
jects very  diftant,  which  it  is  impoffible  for  us  to  fee. 


ON  DIOPTRIC K8#  287 

^  to  exainine  in  detail,  without  the  afliftance  of 
tdefcopeSji  which  reprefent  them  to  us  in  the  fame 
fiianner,  as  if  they  were  near.  Thefe  dioptrical 
glaffes  or  inftruments,  for  viewing  diftant  bodies,  are 
denominated  by  the  term  we  have  already  employed, 
ie/efcopes  or  perfpectives. 

The  other  cafe,  in  which  the  eye  needs  affiftance, 

w  when  the  object,  though  fuificiently  near,  is  too 

&iaU  to  admit  of  a  diflinct  examination  of  it's  parts. 

tf  ^ve  wifhed,  for  example,  to  difcover  all  the  parts 

^f  the  leg  of  a  fly,  or  of  any  infeft  ftill  finaller :  if 

^^^  'were  difpofed  to  examine  the  minuter  particles 

^f  tlie  human  body,  fuch  as  the  fmalleft  fibres  of  the 

ttivilcles,  of  the  nerves,  it  would  be  impoflible  to  fuc- 

^^cd  without  the  help  of  certain  inftruments  called 

^^IcKof copes ^  which  reprefent  fmall  objecte  in  the  fame 

^*^aumer  as  if  they  were  a  hundred  or  a  thoufand 

^^ihes  greater. 

Here  then  arc  two  kinds  of  inftruments,  telefcopc* 
^xid  microfcopes,  furnifhed  by  dioptricks  for  ailifting 
tlic  weaknefs  of  our  fight.  A  few  ages  only  have 
^pfed  fince  thefe  inftruments  were  invented ;  and 
from  the  era  of  that  invention  muft  be  dated  the 
moft  important  difcoveries  in  aftronomy,  by  means 
of  the  telefcope,  and  in  phyfics  by  the  microfcope. 

Thefe  wonderful  effefts  are  produced  merely  by 
the  figure  given  to  bits  of  gUfs,  and  the  happy  com- 
bination of  two  or  more  glaffes,  which  we  dcnomi« 
nate  Icnfes.  Dioptridcs  is  the  fcience  that  unfolds  the 
principles  on  whf  ruments  are  conftrufted, 

and  the  ufcs  to  i  applied,  and  you  will 

pleafe 
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jJeafe  to  recoIIcA  that  it  turns  chiefly  on  the  direc- 
tion which  rays  of  light  tike  on  paffing  through 
tranfparcnt  mediums  ot  a  diiTerenl  quality  j  on  pall- 
ing, for  example,  from  air  into  gkfs  or  water,  and 
reciprocally  from  glafs  or  water  into  air. 

As  long  as  the  rays  are  propagated  throagh  tlie 
fame  medium,  fay  air,  they  profcrvc  the  fame  di- 
reftion,  in  the  flraiglit  lines  LA,  LB,  L  C,  Lt>, 
{^plate  IV.  fig.  2.)  drawn  fi  n  the  luminous  point  L., 
whence  thefe  rays  proceed,  and  when  they  any  where 
meet  an  eye,  as  at  fea,  they  enter  into  it,  and  there 
paint  an  image  of  the  objeft  from  which  they  pro* 
cccdcd.  In  this  cafe  rhe  vilion  is  denominated  fimplc, 
or  naturiil;  and  reprefents  lo  na  the  objcfts  as  tlicy 
really  arc.  The  fclence,  which  explains  to  us  tl"ic 
principles  of  this  vifion,  is  termed  optics. 

But  when  the  rays,  before  they  enter  into  the  e)'^i 
are  reflected  on  a  finely  poliflied  firrface,  fuch  as  * 
mirror,  the  vifion  is  no  longer  nararal;  as  in  th^** 
cafe  we  fee  the  objecis  difiercntly,  and  in  a  differer:** 
place,  from  what  they  really  are.  The  fcience  whit==* 
explains  the  phenomena  prefented  to  us  by  this  v  "' 
fion  from  reflected  rays,  is  termed  eatopirUks.  It  to-  ^ 
fupplies  us  with  inftruinents  calculated  to  extend  th^*^ 
fphere  of  our  vifion,  and  you  are  acquainted  wit.-  - 
fuch  forts  of  inftruments,  which,  by  means  of  on  -^ 
or  two  mirrors,  render  us  the  fame  fervices  as  thof -* 
conftructed  with  lenfes.  Thefe  are  what  we  properly  - 
denominate  tele/copes :  but  in  order  to  diftinguirf^ 
them  from  the  common  pcrfpeftives,  which  are  con*^ 
pofcd  only  of  gialTes,  it  would  be  better  tc  call  t 
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!:q)trick  reflecting  tdefcopes.  This  mode  of  ex- 
rflion  would  at  leaft  be  more  accurate ;  for  the 
Td  telefcope  was  in  ufe  before  the  difcovery  of  re- 
nting inftruments,  and  then  meant. the  fame  thing 
ii  perfpeclive. 

!  propofe,  at  prefent,  to  confine  myfelf  entirely 
dioptrical  inftruments,  of  which  we  have  two 
ts,  tdefcopes  or  perfpectives,  and  microfcopes. 
the  conftruclion  of  both  we  employ  glaffes  formed 
ZT  different  manners,  the  various  forts  of  which 
in  going  to  explain.  They  are  principally  three, 
X)rding  to  the  figure  given  to  the  furface  of  the 
lis. 

The  firft  is  the  flaney  when  the  furface  of  a  glafs  is 
me  on  both  fides,  as  that  of  a  common  mirror.  If 
lu  were  to  take,  for  example,  a  piece  of  looking- 
ife,  and  to  feparate  from  it  the  quick-filver  which 
heres  to  it*s  farther  furface,  you  would  have  a  glafs 
th  of  whofe  furfaces  are  plane,  and  of  the  fame 
icknefs  throughout. 

The  fecond  is  the  convex :  a  glafs  of  this  denomi- 
don  is  more  raifed  in  the  middle  than  toward  the 

The  third  is  the  concavs :  fuch  a  glafs  is  hollow 

Mrard  the  middle,  and  rifes  tow^ird  the  edge. 

Of  thefe  three  different  figures,  which  may  be 

^en  to  the  furface  of  a  glafs,  are  produced  the  fix 

:cies  of  glaffes  reprefented  in  Jig.  1 2. 

L   The  piano-plane  {^  '    h  it's  furfaces 

ine. '  .  .■ 

Vol-  U.  n.  The 
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II.  The  pJano'cmvex  glafs  has  one  furface  plane  and 
the  other  convex, 

III.  The  plano-concave  has  one  furface  plane  and 
the  other  concave. 

IV.  The  convexo-convex^  or  double  convex ^  has  both 
furfaces  convex. 

V.  The  convexo-concave^  or  menifcus^  has  one  fur- 
face convex  and  the  other  concave. 

VI.  Finally,  the  concavo-concave^  or  double  concave^ 
has  both  furfuces  concave. 

It  is  proper  to  remark  that  the  figure  reprcfcnts 
the  cut  of  thefe  glallcs  or  lenfes. 

8/i6  Difccffihtj  1 76 1. 
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Difference  of  Lcnfcs  ivitb  refpcCl  to  the  Curve  of  their 
Surfrccs.    Dijlrihution  of  Lcnfcs  into  Three  Claffcs. 

FROiM  what  I  have  faid  rcfpecling  the  convex 
and  ccr.cavc  llirFaccs  of  lcnfcs,  you  will  cafil'J 
comprehend  that  llicir  form  may  be  varied  withoU-^ 
end,  according  as  the  convexity  and  concavity  a^"^ 
greater  or  Icfs.     There  is  only  one  fpecies  of  plai-'^^ 
furfaces  ;  bccaufe  a  furface  can  be  plane  in  one  ma  '^^' 
ner  only ;  but  a  convex  furface  may  be  confiderc;^--'^ 
as  making  part  of  a  fphcrc,  and,  according  as  t^^^ 
radius  or  diameter  of  that  fphcrc  is  greater  or  le  '^^^ 
the  convexity  will  differ  ;  and  as  we  reprcfent  len^^^ 
on  paper  by  fegments  of  a  circle,  according  as 
cirdes  arc  f^rcatcr  or  Icfs,  tlie  form  of  lenfes  mu 
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or  lofs,  I  ihaU  here  prcfi^t  you  vith  firveral  figoiW 

of  different  convexity;  (fee  plate  V.  fig.  \^ 

From  this  you  fee,  that  the  finaHer  th«:i94tmiis, 
tli^  greater  is  the  curve  oif  the  fur&ce»oi;  tliegfraitw 
it'ft  di&rence  ficom  the  plwe ;  qd;  th«  coAtncj-f  t|N^ 
greater  the  radius  is»  the  mose  the  iash&t  appntt^bBi 
to  a  plane»or  the  arch  of  the  drck  to.  a'  ftraigh^' 
If  the  radius  were,  made  dill  greater,  the  ourre* 
tX  kogth  become,  hardly  percq)tihle.    Yob  fiapodf 
perceive  it  in  the  acch  MN9  Qf;*  d»)  the  i»(fi»  of 
which  is  &(  inches,  or  half  a  foot  \.  and  if  the  xadm 
yrere  fiill  extended  to  ten  or  a  hundred  llmeillie 
magnitude,  the  curve  would  become  akogipthcv  inrt 
percq>tible  to  th^  eye* 

But  this  is  by  no  means  tfic  caibas  to  dLopbadOu^ 
and  I  IhaU  a&erwards  demonftrate,  that  diottg|h  liii^ 
radius  were  a  hundred  or  a  thouiand  fee^  and.  tfas 
curve  of  the  lens  abfolutely  imperceptible,  the  eflb& 
would  nevertheleik  be  abundantly  apparent.  Tbc 
radius  muft  indeed  be  inconceivably  great,,  to  pro- 
duce a.furfacc  perfectly  plane :  from  which  you  maf 
conclude,  that  a  plane  furface  might  be  confidered 
as  a  convex  furface  whpfe  radius  is  infinitely  greal^ 
or  as  a  concave  of  a  radius  infinitely  great.  Hece  it: ' 
is  that  convexity  and  concavity  are  confounded^*  &• 
that  the  plane  furface  is  the  medium  which  iqparatcii 
convexity  from  concavity.  But  the  imaller  the  ra- 
dii are,,  the  greater  and  more  perceptible  do« the. con- 
vexities and  concavities  become;  and  hence;  ^^tnSxf 
reciprocall};,  that  a  convexity  or  concavity  is  greater* 
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'in  proportion  as  it's  radius,  which  is  the  meafurc  of 
it,  is  fmallcr. 

However  great,  in  other  refpefts,  may  be  the  va- 
riety we  meet  with  in  Icnfes  or  glaffes,  according  as 
their  furfaces  are  plane,  convex,  or  concave,  and 
this  in  an  infinity  of  different  manners ;  neverthe- 
leis,  with  refpeft  to  tlie  effeft  refulting  from  them  in 
dioptricks,  they  may  be  reduced  to  the  three  follow- 
ing claffes : 

The  firft  comprehends  glaffes  ^^'hich  are  every 
where  of  an  equal  thicknefs ;  whether  their  two  fur- 
iaces  be  plane  and  parallel  to  each  other,  {/Ig.  3.)  or 
the  one  convex  and  the  otlier  concave,  but  con- 
centric, or  defcribed  round  the  fame  centre  (^Jig.  4.) 
fo  that  the  thicknefs  fliall  rem.ain  everj^  where  the 
fame.  It  is  to  be  remarked  refpefting  glaffes  of  this 
■  "dais,  that  they  produce  no  change  in  the  appearance 
of  the  objects  which  we  view  through  them ;  the 
objects  appear  exactly  the  fame  as  if  notliing  inter- 
pofed ;  accordingly,  they  are  of  no  manner  of  ufc 
in  dioptricks.  This  is  not  bctaufc  the  rays  whicli 
enter  into  thcfc  glaffes  undergo  no  refraction,  but 
becaufe  the  refraction  at  the  entrance  is  perfectly 
ftraightened  on  going  off,  fo  that  the  rays,  after 
having  paffed  through  the  glafs,  refume  the  fame  di* 
rection  which  they  had  purfued  before  they  reached 
it.  Glaffes,  therefore,  of  the  other  two  claffes,  on 
account  of  the  effect  v/hich  they  produce,  conllitu^^ 
the  principal  obje<!^  of  dioptricks. 

The  fccond  clafs  of  lenfes  contains  * 
thicker  at  die  middle  than  at  the  ei 

U3 
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Their  effect  is  the  (ame,  as  long  as  the  escefe  of 
the  thickr.cfs  of  the  middle  over  thut  of  the  edge  has 
the  lame  relation  to  the  magnitude  of  the  lens.  All 
lenfes  of  tlus  clafs  arc  commonly  denominited  conz'ex, 
as  convexity  predominates,  though  otherways  one 
of  their  furfaccs  may  be  plain,  and  e\'en  concave. 

The  third  cials  contains  all  thofc  lenfes  which  are 
thicker  at  the  edge  than  in  the  middle  (Opiate  V-Jtg.  6.  J 
which  ail  produce  a  fimilar  effect,  depending  on  the 
excefs  of  thickncfs  toward  the  edge,  over  that  in  the 
middle.  As  concavity  prevails  in  sll  fuch  lenfes, 
they  are  funpiy  denominated  concave.  They  muft 
be  carefully  diftinguiflicd  from  tliofe  of  the  fecond 
clafs,  whicli  are  the  convex. 

Lenlcs  of  ihcfc  two  laft  clafTcs  arc  to  be  tlie  fubjccl 
of  my  following  letters,  in  which  1  fliall  eildeavqtlr. . 
to  explain  their  efieAs  in  dioptricks. 

tub  Dtcemier,  i-}bi. 


LETTER    LXXIV, 

Effe^  of  Convex  Lenfes, 

TN  order  to  explain  the  effefl:  produced  by  both 
-^  convex  and  concave  lenfes,  in  the  appearance  of 
objefts,  two  cafes  muft  be  diflinguifhed,  the  one 
vhen  the  object  is  very  far  diAant  from  the  lens,  and 
the  other  when  it  is  nearer. 

But  before  I  enter  on  the  explanation  of  this,  I 
muft  fay  a  few  words  on  what  is  called  the  axis  of 
the  lens.    As  the  two  furfaces  are  reprefcnted  by 
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&gxnents  of  a  circle,  you  have  only  to  draw  a  ftraigh^ 
line  through  the  centres  of  the  two  circles  j  this  line 
is  named  the  axis  of  the  lens.  Injff-  7-  plate  V.  the 
centre  of  the  arch  A  E  B  being  at  C,  and  that  of  the 
arch  A  F  B  at  D,  the  ftraight  line  C  D  is  denomi- 
.  nated  the  axis  of  the  lens  A  B,  and  it  is  eafy  to  fee 
•that  this  axis  paffes  through  the  middle  of  it.  The 
fame  thing  would  apply,  if  the  furfaces  of  the  lens 
were  concave.  But,  if  one  is  plane,  the  axis  will  be 
perpendicular  to  it,  palling  through  the  centre  of  the 
other  furface. 

Hence  it  is  obvious,  that  the  axis  paffes  through 
the  two  fiirfaces  perpendicularly,  and  that  accord- 
ingly, a  ray  of  light  coming  in  the  direftion  of  the 
axis^  will  fuffer  no  refraftion,  becaufe  rays  paffmg 
from  one  medium  into  another  are  not  broken  or 
refracted,  except  when  they  do  not  enter  in  a  per- 
pendicular diredion. 

It  may  Kkewife  be  proved  that  all  other  rays  palling 
through  the  middle  of  the  lens  O,  undergo  no  re- 
fraction, or  rather  that  they  again  become  parallel  to 
themfelves. 

It  nuxft  be  conlidered,  in  order  to  comprehend  the 
reafon  of  this,  that  at  the  points  E  and  F  the  two 
furfaces  of  the  lens  are  parallel  to  each  other,  for  the 
angle  M  E  B,  which  the  ray  M  E  makes  with  the 
arch  of  the  circle  E  B,  or  it's  tangent  at  E,  is  per- 
fectly equal  to  the  angle  P  F  A,  which  this  fame  ray 
produced,  F  P,  makes  with  the  arch  of  the  circle 
A  F,  or  it's  tangent  at  F ;  you  rccollccl  that  two 

V  4  fuch 
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fuch  an^€8  are  denominated  altefnate,  and  that  k  it 
^emonfirated,  when  the  alternate  tuif^  ztt  Hffaiif^ 
that  the  ftraight  lineis  are  paraM  to  each  othttt't  tkmi^ 
iequendy  the  two  tangents  at  £  and  at  F  irW  be  |^ 
parallel,  and  it  will  be  the  fame  thing  as  if  the-tty 
M  £  F  P  pa£ed  through  a  lens  wh6fe  tyn^fythiblk . 
were  parallel  to  each  other.  Now,  we  have  aireiid^ 
&^  t]iat  rays  do  not  change  their  diredkifr  fat  ^al^ 
fing  through  fuch  a  lens.  * 

Having  made  thefe  remarks,  let  ns  now  <xmBAtt 
a  convex  lens  A  B  ('plate  V.Jlg.  8.)  whole  asoa  fiiaH 
be  the  ftraight  line  O  £  F  P,  and  let  us  fuppofis  that 
there  is  in  this  line,  at  a  great  diibuice  from  the  leu, 
an  objedt  or  luminous  point  O,  which  diffufes  raya 
in  all  diredions ;  fome  of  theje  will  pais  through'  cyitf? 
lens  A  B9  fuch  as  O  M,  O  £,  and  O  Nj^of  which 
that  in  the  middle  O  E  will  undergo  no  refraction, 
but  will  continue  it's  dircftion  through  the  lens  in 
the  fame  produced  ftraight  line  F  I  P.  The  other 
two  rays  O  M-  and  O  N,  in  pafling  through  the  lens 
toward  the  edge,  wtH  be  refrafted,  both  at  entering 
and  departing,  fo  that  tliey  will  fomewhere  meet  the 
axis,  fay  at  I,  and  afterwards  continue  their  progrefs 
in  the  directions  I  Q  and  I  R.  It  might  likewife  be 
demonftrated  that  all  the  rays  which  fall  between  M 
and  N  will  be  refracted,  fo  as  to  meet  with  the  axis 
in  the  fame  point  L  Therefore  the  rays  which,  had 
no  lens  interpofed,  would  have  purfued  their  re6ti- 
lineal  direction  O  M  and  O  N,  will,  after  the  refrac- 
tion,  purfue  other  directions,  as  if  they  had  taken 

their 
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their  departure  from  the  point  I ;  and  if  there  were 
an  eye  fomewhere  at  P^  it  would  be  affeded  juft  as 
if  the  luminous  point  were  a6hially  at  I,  though  there 
be  no  reality  in  this.  You  have  only  to  fuppofe  for 
a  moment,  that  there  is  at  I  a  real  objed,  which,  dif- 
fufing  it*s  rays,  would  be  equally  fcen  by  an  eye 
placed  at  P,  as  it  now  fees  the .  objeft  at  O  by  means 
of.  the  rays  refracted  by  the  lens,  becaufe  there  is  at 
I  an  image  of  the  object  O,  and  the  lens  A  B  there 
reprefents  the  objeft  O,  or  tranfports  it  nearly  to  I. 
The  point  O  is  therefore  no  longer  the  objeA  of 
vifion^  but  rather  it's  image,  reprefented  at  I ;  for 
thifi  is  now  it's  immediate  object. 

Thig  lens,  then,  produces  a  very  donfiderable 
change :  an  objeft  very  remote  O  is  fuddenly  tranf- 
ported  to  I,  from  which  the  eye  muft  undoubtedly 
receive  a  very  different  impreffion  from  what  it  would 
do,  if,  withdrawing  the  lens,  it  were  to  view  the  ob- 
jeft  O  immediately.  Let  O  be  confidered  as  a  ftar, 
the  pcHnt  O  being  fuppofed  extremely  diftant,  the 
lens  will  reprefent  at  I  the  image  of  that  ftar,  but  an 
image  which  it  is  impossible  to  touch,  and  which  has 
no  reality,  as  nothing  exifts  at  I,  unlefs  it  be  that  the 
rays  proceeding  from  the  point  O  are  collefted  there 
by  the  .refriflion  of  the  lens.  Neither  is  it  to  be 
imagined,  that  the  ftar  would  appear  to  us  in  the 
lame  manner  as  if  it  really  exifted  at  I.  How  could 
a  body,  many  thoufands  of  times  bigger  than  the 
earth,  exift  at  a  point  I  ?  Our  fenfes  w  ould  be  very 
differently  ftruck  by  it :  We  muft  carefully  remark, 
then,  that  ^nly  is  reprefented  at  1,  like  that 
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I  .1  T  MEAN  to  employ  this  let 


fed  produced  by  conveai 
are  thicker  at  the  middle  tt 
whole  confifts  in  determining 
undergo  in  their  progrefs,  on 
glais.  In  order  to  place  this 
light,  two  cafes  muft  be  carcf 
t   If  one,  when  the  objefl  is  very  c 

and  the. other  when  it  is  at  no 
gin  with  coniidering  the  firft  c 
object  is  extremely  remote  froi 
hi  fig*  9«  of  plate  T.  M  N  is 
ht  the  ftraight  line  O  A B I S  it's  s 

^  cularly  through  the  nuddle.    I 

I  that  this  property  of  the  a^ds 
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direftions,  we  confine  our  attention  to  thofe  which 
^U  on  the  lens. 

My  remarks  fliall  be  at  prefent  farther  Kmited  to 
the  rays  ifluing  from  the  point  O,  fituated  in  the 
■very  axis  of  the  lens.  The  figure  reprefents  three 
of  thefe  rays,  O  A,  O  M  and  O  N,  the  firft  of  which, 
O  A,  palling  through  the  middle  of  the  lens,  under- 
goes no  change  of  direction,  but  proceeds,  after  hav- 
ing pafied  through  the  lens,  in  the  fame  ftraight  line 
BIS,  that  is  in  the  axis  of  the  lens ;  but  the  other 
two  rays,  O  M  and  O  N,  undergo  a  refraction  both 
on  entering  into  the  glafs,  and  leaving  it,  by  which 
they  are  turned  afide  from  their  firft  direction,  fo  as 
to  meet  fomewhere  at  I  with  the  axis,  from  which 
they  will  proceed  in  their  new  direction,  in  the 
ftnught  lines  M  I  Q  and  N  I  R  ;  fo  that  afterwards, 
when  they  fliall  meet  an  eye,  they  will  produce  in  Jt 
the  fame  effect  as  if  the  point  O  cxifted  at  I,  as  they 
preferve  the  lame  direction.  For  this  reafon,  the  con- 
vex lens  is  faid  to  tranfport  the  objed  O  to  I  j  but 
in  order  to  diftinguifli  this  point  I  from  the  real  point 
O,  the  former  is  called  the  image  of  the  latter,  which 
in  it's  turn  is  denominated  the  object. 

This  point  I  is  very  remarkable,  and  when  the  ob- 
jeft  O  is  extremely  diftant,  the  image  of  it  is  like- 
wife  denominated  the  focus  of  the  icns,  of  which  I 
fiiall  explain  the  reafon.    If  the  fun  be  the  objeft  at 

0,  the  rays  which  fall  on  the  lens  are  all  collected  at 

1,  and  being  endowed  with  tlie  quality  of  heating,  it 
is  natural  thnt  the  concniufe  of  fo  mnny  rays  at  I, 
fliould  produce  a  dcgii.v  ui  Iilml,  ■  t     '    -»£  fctting 
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On  fire  jany  -cfmbdHfale  matter  that  may  tie  {SKctf 
there.  Now,-  the  place  where  fo  mudi  heat  m  iA 
hdcA  wie  call  the  ^^ott ;  the  rc^Km  of  diis  denofau- 
fiatiim  with  refpeft  to  caawtx  lenfis  is  evidcBdit. 
HeAce,  too^  a  convex  lens  b  denominated  a  teiMi^ 
j^9  the  cfiefts  of  ^idiidi  yon  are  undoubtedly  %rHI 
aicqwunted  with.  I  only  remark  that  this  propeit^ 
of  coUefting  the  rays  of  die  fim,  in  a  certain  point 
called  thdr  fecos^  is  common  to  all  crnives  lenfti; 
they  fikewife  colleft  the  rays  of  tl»  moon,  of  ktfe 
ftais,and  of  alTcrydiftant  bodies;  though  tiheilr 
ibrcc  is  too  finail  to  produce  any  heat,  we  nevettlio^ 
Itb  cn^kfy  tBC  fiuQK  tcnn,  focos}  the  bdcm  Of  It 
l^hfi^  acoonfin^,  is  nothii^  clfe  bat  the  Qn)^ 
the  image  of  Tcry  diftant  ohjcAs  is  rqwtJcnliedt  tk 
which  this  condition  muft  fifll  be  added,  that  the  obt 
ject  ought  to  be  fituated  in  the  very  axis  of  the  lens  ; 
for  if  it  be  out  of  the  ,axis,  it's  image  will  likewife 
be  reprefented  out  of  the  axis :  I  {hall  have  occafion 
to  fix:ak  of  this  afterward. 

It  may  In?  proi^r,  ftill  farther,  to  fubjoin  the  fol- 
lowing  rrnvirlcM  rdpcAing  the  focus : 

I.  Ah  ihf  point  (),  or  the  objeft,  is  infinitely  dif- 
tant, thf  rays  O  M,  O  A,  and  O  N,  may  be  confi- 
ilfml  ;iM  parallel  to  each  other,  and,  for  the  fame 
rcalou,  parallel  to  the  axis  of  the  lens. 

a.  '1  he  focus  I,  therefore,  is  the  point  behind  the 
glaf^,  where  ihe  rays  parallel  to  the  axis,  which  falls 
oil  the  lens,  are  toUeded  by  the  refraftion  of  the 
knii. 

i-  '1  he  focus  of  a  lens,  and  the  fpot  where  the 

image 
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image  of  an  objed,  infinitely  diftant,  and  iituated  in 
the  axis  of  the  lens,  is  reprefentcd,  are  the  fame 
thing. 

4«  The  diftance  of  the  point  I  behind  the  lens, 
that  is  the  length  of  the  line  BI,  is  called  the  dif- 
tance of  the  focus  of  the  lens.  Some  authors  call  it 
the  focal  diftance. 

5.  Every  convex  lens  has  it*s  particular  diftance  of 
focus,  one  greater,  another  lefs,  which  is  eafily  afcer- 
tained  by  expoiing  the  lens  to  the  iun,  and  ob&rving 
where  the  rays  meet. 

6.  Lenfes  formed  by  arches  of  fmall  circles,  have 
their  focufcs  very  near  behind  them ;  but  thoie  whofe 
fiirfaces  are  arches  of  great  circles,  have  more  diftant 
fbcttfes. 

7.  It  is  of  importance  to  know  the  focal  diftance< 
ef  every  convex  lens  employed  in  dioptricks ;  and  it 
]s.iiufficient  to  know  the  focus  in  order  to  form  a  judg- 
soent  of  all  the  cfie&s  to  be  expected  from  it,  whethh: 
in.  the  conftrudion  of  telefcopes  or  microfcopes. 

9,  If  we  employ  lenfes  equally  convex  on  both. 
$dcs,  io  that  each  furface  Ihall  correfpond  to  the 
fame  circle ;  then  the  radius  of  that  circle  gives 
searly  the  focal  diftance  of  that  lens :  thus,  to  make 
i  burning  glafs  which  ihall  burn  at  the  diftance  of  an 
&)ot,  you  have  only  to  form  the  two  furfaces  arches. 
Qf  a  circle  whofe  radius  is  one  foot. 

9.  But  wlicn  the  lens  is  plano-convex,  it*s  focaL 
diftance  is  nearly  equal  to  the  diameter  of  the  circle^ 

which,  corr^fponds  to  the  convex  furface. 

Acquaintance 
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Acqu^ntance  vnth  thefc  terms  wUl  facilitate  the 
knowledge  of  what  1  have  farther  to  advance  on  thi»  i 
f«bje£h 

S^li  Dct-rmirr,  (jfit. 


^^  LETl'ER   LXXVI. 

Dijiance  of  the  Image  ofObjcSis. 

HAVING  remarked  tliat  an  object  infinitely 
diftant,  is  rcprefcnted  by  a  convex  lens  in  the 
very  focus,  provided  fuch  object  be  in  the  axis  of 
the  lens,  I  proceed  to  nearer  objects,  but  always  fitu- 
ated  in  the  axis  of  the  glafc  j  and  I  obferve,  firft,  that 
the  nearer  the  objedt  approaches  to  the  lens,  the  iar-»4 
ther  the  image  retires. 

Let  us  accordingly  fuppofe  that  T  {^plaie  V.Jig.  lo.)' 
is  the  focus  of  the  lens  M  M^  fo  that  an  objed  in* 
fijiitely  difiant  before  the  glals,  or  at  the  top  of  the 
figure,  the  image  Hull  be  reprefented  at  F ;  on  bring- 
ing the  object  nearer  to  the  glafs,  and  pladng  it  fuc* 
ceffively  at  P  Q  R,  the  image  will  be  reprefented  at 
the  point  pqr,  more  difiant  from  the  lens  than  the 
focus :  in  other  words,  if  A  P  is  the  difiance  of  the' 
objed,  'Rp  will  be  the  diftance  of  the  image,  and  if 
A  Q  is  the  diftance  of  the  object,  B  j  will  be  that  of 
the  image,  and  the  diftance  B  r  of  the  image  will 
correfpond  to  the  diftance  A  R  of  the  object. 

There  is  a  rule  by  which  it  is  eafy  to  calculate  the 
diftance  of  the  image  behind  the  lens,  for  every  (Uf- 

tance 
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tance  of  the  objed  before  it,  but  I  will  not  tire  you 
with  a  dry  expofition  of  this  rule ;  it  will  be  fufficient 
to  remark,  in  general,  that  the  more  the  diftance  of 
the  qbjed  before  the  glafs  is  diminiihed,  the  more  is 
the  diftance  of  the  image  behind  it  increafed.  I  {hall 
to  this,  fubjoin  the  inftance  of  a  convex  len3,  whofe 
focal  diftance  is  6  inches,  or  of  a  lens  fo  formed,  that 
if  the  diftance  of  the  objed  is  infinitely  great,  the 
diftance  of  the  image  behind  the  lens  ftiall  be  predfely 
fix  inches ;  now,  on  bringing  the  obje^l  nearer  to  tho 
lens,  the  image  will  retire,  according  to  the  grada- 
tions marked  in  the  following  table : 


Diftance  of  the  Objeft. 

Diftance  of  the  Image. 

Infinity 

6 

42 

7 

24 

8 

18 

9 

15 

10 

12 

12 

10 

15 

9 

18 

8 

24 

7 
6 

42 
Infinitv. 

Thus  the  object  being  42  inches  diftant  from  the  lens^ 
the  image  will  fall  at  the  diftance  of  7  inches,  that  is 
one  inch  beyond  the  focus.  If  the  objecl:  is  at  the 
diftance  of  24  inches,  the  image  will  be  removed  to 
the  diftance  of  8  inches  from  the  lens,  that  is  two 
inches  beyc  ^us,  and  fo  of  the  reft. 

Though 
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Though  thefe  numbers  arc  applicable  only  to  a 

.  lens,  whole  focal  dtdance  is  6  inches,  fome  general 

confequences  may,  however,  be  deduced  irom  them. 

J.  If  the  diliance  of  the  object  is  iaficitdy  great, 
the  image  falls  exaiftly  iu  the  focus. 

1.  It  the  diftance  of  the  olijcct  is  double  the  dif» 
tauce  of  the  focus,  tlic  diftance  of  the  image  will  like- 
k  wife  be  double  the  dlliance  of  the  focus ;  ic  otbes 
words,  die  object  aiid  the  image  will  be  equally  dilhuit 
from  the  lem.  In  the  example  above  exhibited,  the 
diftance  of  the  objeft  being  i-2  Inches,  that  of  the 
image  is  likcwiie  la  inches. 

3.  When  the  object  is  brought  fo  near  the  lens, 
that  the  diftance  is  precifely  equal  to  that  of  the 
focus,  fay  6  indies,  as  in  the  preceding  example,  then 
the  image  retires  to  an  infinite  diftance  behind  the' 
lens. 

4.  It  is  likewife  obfervable  in  general,  that  the  dif- 
tance of  the  obje^  and  tb^t  of  the  image  redproc^lft 
correfpond,  or,  if  you  put  the  objed  in  the  ^Hvc^  of 
the  image,  it  will  fait  In  the  place  of  the  ol]je6;. 

5.  If,  therefore,  the  lens  M  M  (plate  V.  fig.  i  u) 
collcfts  at  I  the  rays  which  iffue  from  the  point  O, 
that  fame  tens  will  likewile  there  colleft  rays  iffuiiig 
frorii  the  point  1.  ' 

6.  It  is  the  confequencc  of  a  great  prindple  in  jdif^ 
tricks,  in  virtue  of  which  it  may  be  maifttaiBed,  that 
whatever  are  the  refraftions  which  rays- have  upder- 
gone  in  pafling  through  levcEal  retnagentatt^ttlui^ 
thiey  may  always  return  in  the  &me  diredioni 

This  truth  Is  of  muck  ioqtortance  in  the  kiiQw:- 
2  .  ledge 
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ledge  of  lenfes :  thus  when  1  know,  for  example,  that 
a  lens  has  reprefented,  at  the  diftance  of  8  inches,  the 
image  of  an  objed  24  inches  diftant,  I  may  confi- 
dently  infer,  that  if  the  ohjtQ:  were  8  inches  diftant, 
the  lame  lens  would  repreient  it's  image  at  the  c^ 
tance  of  a4  inches. 

It  is  farther  efiential  to  remark,  that  when  the  dif* 
tancc  of  the  objeft  is  equal  to  that  of  the  focus,  the 
image  will  fuddenly  retire  to  an  infinite  diftance ; 
wUdi  perfeftly  harmonizes  with  the  relation  exifling 
between  the  objeA  and  the  image. 

Tou  will  no  doubt  be  curious  to  know  in  what 
place  the  image  will  be  reprdcnted  when  the  objeft 
is  brought  ftill  nearer  to  the  lens,  fo  that  it's  diftance 
ihall  become  lels  than  that  of  the  focus.  This  quef- 
tibn  is  the  more  embarraffing,  that  the  anfwer  muft 
be,  the  diftance  of  the  image  will,  in  this  cafe,  be 
greater  than  infinity,  fince  the  nearer  the  objeft  ap- 
proaches the  lens,  the  farther  does  the  image  retire. 
But  the  image  being  already  infinitely  diftant,  how 
is  it  pofiible  that  diftance  fhould  be  increafed  ?  The 
queftion  might  undoubtedly  puzzle  philofophers,  but 
is  of  eafy  folution  to  the  mathematician.  The  image 
will  pais  from  an  infinite  diftance,^  to  the  other  fide 
of  the  lens,  and  confequently  will  be  on  the  fame  fide 
with  the  objed.  However  ftrange  this  anfwer  may 
2^>pear,  it  is  confirmed,  not  only  by  rcafoning,  but 
by  experience,  fo  that  it  is  impofiible  to  doubt  of  it*s 
folidity ;  to  increafe  beyond  infinity  is  the  fame  thing 
with  paifing  to  the  other  fide  :  this  is  unqueftioiiably 
a  real  par 
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JLETTER     LXXVII. 

Magnitude  of  Images. 

YOU  can  no  longer  doubt  that  every  convex  lens 
muft  reprefent  fomewhere  the  image  of  an' 
objcc):  prefented  to  it ;  and  that,  in  every  cafe,  the 
place  of  the  image  varies  as  much,  according  to  the 
diftancc  of  the  objec);,  as  according  to  the  focal  diiP 
tance  of  the  lens :  but  a  very  important  article  re* 
mains  yet  to  be  explained,  I  mean  the  magnitude  of 
the  image. 

When  lUch  a  lens  reprefents  to  us  the  image  of 
the  fun,  of  the  moon,  or  of  a  ftar,  at  the  difiance  of 
a  foot,  you  are  abundantly  fenfible  that  thiefe  images 
muft  be  incomparably  f mailer  than  the  obje^b  them* 
felvcs.  A  ftar  being  much  greater  than  the  whole 
earth,  how  is  it  poflible  that  an  image  of  fuch  mag- 
nitude ihouid  be  reprcfented  to  us  at  the  diftance  of 
a  foot  ?  But  the  ftar  appearing  to  us  only  as  a  point, 
the  image,  reprefented  by  the  lens,  likewife  refembles 
a  point,  and,  conlcqucntly,  is  inftnitely  fmaller  than 
the  object  iifclf. 

rhcrc  arc  then,  in  every  rcprefentation  made  by 
Icnfcs,  two  things  to  be  confidercd ;  the  one  refpects 
I  he  place  where  the  image  is  reprefented,  and  the 
other,  the  rc;il  niagnitude  of  the  image,  whicli  may 
be  very  dilVerent  from  that  of  the  objeft.  The  firft 
being  lUfllcienlly  elucidated,  I  proceed  to  furnifliyou 
with  a  very  fimple  rule,  by  which  you  will  be  en- 
abled, in  every  cale,  to  determine  what  muft  be  the, 
magnitude  of  the  image  reprefented  by  the  lens. 

.-Let 


•  « 


J^lai^V 


TiQ.% 


cA. 


jrc^3 


fuifu 


Fv^jr 


\S%eA, 


mjitck. 


iVf.e 


Tiyg 


\,Jr%xk, 


MAGNITUDE  OF  IMAGES.  307 

Let  OP  (plate  VI.  fig.  r.^  be  any  objcft  whatever, 
fituated  on  the  axis  of  the  convex  lens  M  N ;  we 
mnft  firft  look  for  the  place  of  the  imagc^  which  is 
at  I^  fo  that  the  point  I  {hall  be  the  reprcfentation  of 
the  extremity  O  of  the  object,  as  the  rays  iiTuing 
from  the  point  O  are  there  coUefted  by  the  refra£tiou 
of  the  lens.  Let  us  now  fee  in  what  place  will  be  re« 
pre&nted  the  other  extremity  P  of  the  objed ;  for 
this  purpofe,  let  us  coniider  the  rays  P  M,  P  A,  P  N, 
which,  iiTuing  from  the  pc^nt  P,  fall  on  the  lens ;  I 
obferve  that  the  ray  P  A,  ^vhich  pailes  through  the 
middle  of  the  lens,  does  not  change  it's  dirediony 
but  continues  it's  progreis  in  the  flraight  line  A  K  S ; 
it  wiU  be,  therefore,  fomewhere  in  this  line  at  K,  that 
the  other  rays  PM.and  PN  will  meet:  in  other 
words,  the  point  K  will  be  the  image  of  the  other 
extremity  P  of  the  obje&,  the  point  I  being  that  of 
the  extremity  O  :  hence  it  is  eafy  to  conclude  that 
IK  will  be  the  image  of  the  objcd  O  P,  reprefented 
by  the  lens. 

In  order  then,  to  determine  the  magnitude  of  this 
image,  having  found  the  place  I,  you  have  only  to 
draw  from  the  extremity  P  of  the  objeft,  through  A, 
the  nuddle  of  the  lens,  the  ftraight  line  P  A  K  S,  and 
to  raife  from  I  the  line  I K  perpendicular  to  the  axis, 
and  this  line  I K  will  be  the  image  in  queftion ;  it  is 
evident  from  this  that  the  image  is  reverfed,  fo  that 
if  the  line  O  R  were  horizontal,  and  the  objeft  O  P 
a  man,  the  image  would  have  the  head  K  undermoft, 
and  the  feet  I  upward. 

On  this  I  fubjoin  the  following  remarks : 

X2  I.  The 


*• 


.  I .  Thenearer  the  image  (pigt<  VI.J^\%)  b  t04lie 
leiis,  die-  imaBer  it  is ;  aad^  tJi6  %tate'^i^mank  h  h* 
the 'i;rcater  it^s  ms^tttde.    Thiitft  OiP%idtag  fSie'dP'- 
j^ift  ^t)laceii  on  the'  aids  before  the  lens  M N^^dT liie 
iWise  feUat  Q  h  waoid  he  GSaOet  thaft  if  ii!ll^>it/ 
R:,S,  or  T.    For/as  the  Itai^t  BnePAr/Jsaift 
fh)hi  the  fummk  of  die  ohjefiP,  throua^  tSe'mMfSfr-'. 
of  the  Idis,  always  terminates  tHelmage  at  wldAfifftr^ 
^ftance  it  may  1)e,  it  is  evident^that  among  tfi^iii^- 
6  9,  R  r,  S  J,  T  /,  the  firft  Q  a  H  the  finaOdk^^M 
that  the  others  inoreafe  in  proportion  as  they  ifefliioige 
from  the  lens.  ■     '  *'- 

'2.  There  is  one  cafe  in  whidh  the  image  is  |Mnei3G£lf  ^ 
ct[ual  to  the  pbjeift :  it  is  when  the  diibnce  iiF'tlke* 
image  is  equal  to  t|iat  of  the  objeft;  andtKis 
plice»  ai  t  have  afareadyremaik^,- when  the 
di  the  otgeft  A  O  is  double  that  of  the  focus  of  tic 
lens ;  the  image  wfli  then  be  T  /,  fo  that  the  diftance 
B  /  is  equal  to  A  O.  You  have  only  then  to  confider 
the  two  triangles  O  A  P  and  T  A  /,  which  having 
the  oppofite  angles  at  the  point  A,  as  well  as  the 
fides  A  O  and  A  T  equal  each  to  each,  as  likewife  the 
angles  at  O  and  T,  which  are  both  right  angles :  thefe 
two  triangles  will  be  every  way  equal,  and  cohie- 
quently  the  fide  T  f ,  which  is  the  image,  will  be  equal 
to  the  fide  O  P,  which  is  the  object:. 

-"y  If  the  image  were  twice  farther  from  the  lens 
ihUn  the  objecl,  it  would  be  double  the  object ;  and, 
in  n:eneraU  as  many  times  as  the  image  is  farther  from 
tlie  lens  than  the  objecl,  fo  many  times  will  it  be 
•.greater  than  the  objerl.     For  the  nearer  you  bring 

the 
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the  objeft  to  the  glafs,  the  farther  the  image  retires, 
and  confequently  the  greater  it  becomes. 

4.  The  contrary  takes  place  when  the  image  is 
nearer  the  lens  than  the  objecl ;  it  is  then  as  many 
times  fmaller  than  the  objedl,  as  it  is  nearer  the  lens 
than  the  object  is.  If  then  the  diftance  of  the  image 
^were  one  thonland  times  lefs  than  that  of  the  obje<fl, 
it  would  likewife  be  one  thoufand  times  fmaller. 

.  5*  Let  us  apply  this  to  burning-glailes,  which  ^  being 
cxpofed  to  the  fun,  reprefent  it's  image  in  thefocus> 
iff  rather  reprefent  the  focus,  that  is,  the  luminous 
and  brilliant  circle  which  burns,  and  which  is  nothing 
eUe  but  the  image  of  the  fun  reprefented  by  the  leas. 
You  will  no  longer  be  furprized,  then,  at  the  fmall- 
nels  of  the  image,  notwithfianding  the  prodigious 
magnitude  of  the  fun,  it  being  as  many  times  fmajlcr 
in  the  focus  than  the  real  fun,  as  the  diftance  of  the 
iun  from  the  lens  is  greater  than  that  of  the  image. 

€•  Hence  likewife  it  is  evident,  that  the  greater  is 
the  diftance  of  the  focus  of  a  burning-glais,  the  more 
brilliant  alfo  is  the  circle  in  the  focus,  that  is,  the 
greater  will  be  the  image  of  the  fun ;  and  the  dia^ 
meter  of  the  focus  is  always  about  one  hundred  times 
(ihaller  than  the  diftance  of  the  focus  from  the  lens. 

I  fliall  afterwards  explain  the  different  ufes  which 
may  be  made  of  convex  lenfes ;  they  are  all  fufii' 
ciently  curious  to  merit  attention. 

?6/A  Decemher^  lj6i» 
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Burning  Glaffes. 


nPHE^fiirft  ta&dF  cohveii lefifes,  is  their  4»i^. 
^  ment  ais  bnrning-glafifes  the  effi^ft  €lf'>i«Aidk 
muft  appear  altogether  aftonHhing^  evcA  fti  thdfe^riM 
already  have  fome  acquaintailct'With-  natotd^pliihK 
fophy.  In  fad,  whb  could  believe^  thiv  the  kqigB 
•-of  the  fun,  fimply,  iOioald  be  iiipal4e  <iCacltiiig  tvA 
a  prodigious  d^«e  df  Jieatl  >But  jrour  fiirpiiBfeHrii 
ei^e,  if  you  ^cafe  to  pay  fbine  attention  ko^dic  Sot 
lowing  reflexions'. 

1.  Let  M  lfj''(flafe  VLJig.  3;)  be  a  buming-glafi, 
which  receives  on  it^s  furtace  the  fays  of  the. fun 
R,  R,  R,  refrafted  in  fuch  a  manner  as  to  prefent  at 
F  a  fmall  luminous  circle,  which  is  the  image  of  the 
fun,  and  fo  much  fmaller  as  it  is  nearer  to  the  glais. 

2.  AU  the  rays  of  the  fun,  which  fall  on  the  fur- 
face  of  the  glafs,  are  collected  in  the  fmall  (pace  of 
the  focus  F ;  thdr  efieft,  accordingly,  muft,  in  that 
fpace,  be  as  many  times  greater  as  the  furfece  of  the 
glafs  exceeds  the  magnitude  of  the  focus,  or  of  the 
fun's  imapce.  We  fay  that  the  rays,  which  were  dit 
perfed  over  the  whole  furface  of  the  glafs,  are  con- 
centrated in  the  fmall  fpace  F. 

3.  The  rays  of  the  fun  having  a  certain  degree  of 
heat,  they  exert  their  power,  in  a  very  fenfible  man- 
ncr,  at  the  focus ;  it  is  poffible  even  to  calculate  how 
nuny  times  the  heat  at  the  focus  muft  exceed  the 

natural 


fiU  RNIKG  GXASS£8.  3 1 1 

ilatural  heat  of  the  fun's  rays :  we  havp  only  to 
.  ofaferve  how  many  times  the  furface  of  the  glafs  is 
greater  than  the  focus. 

4*  If  the  glafs  were  not  greater  than  the  focus,  the 
hiat  would  not  be  ftronger  at  the  focus  than  any 
where  elfe  ;  hence  we  muft  conclude,  that  i^  order 
to  the  produftion  of  a  ftrong.heat  by  a  burning- 
glaiii,  it  is  not  fuffident  that  it  fhould  be  convex,  of 
that  it  fliould  reprefent  the  image  of.  the  fun,  it  muft> 
bcfidcsy  have  a  furface  which  ieveral  times  exceed:^ 
the  magnitude  of  the  focus,  which  is  fmaller  in  pro- 
portion as  it  is  nearer  to  the  glais.  : 

5-  France  is  in  poflefiion  of  the  moft  excellent  burn- 
ing-glais ;  it  is  three  feet  in  diamefer^  and  it's  furface 
13  calculated  to  be  nearly  two  thobiand  times  greater 
tl^  the  focus,  or  the  image  of  the  fim  which  it  rcr 
prelients.  It  muft  produce,  therefore,  in  the  fbcus»  a 
heat  two  thouiand  times  greater  than  that  which- we 
feel  from  the  fun.  It's  eifecls  are,  accordingly,  pro- 
digious :  wood  of  every  kind  is,  in  a  moment,  fet  on 
fire ;  metals  are  melted  in  a  few  minutes ;  and,  in 
general,  the  moft  ardent  fire  which  we  are  capable 
of  producing,  is  not  once  to  he  compared  with  the 
vehement  heat  of  this  focus* 

6.  The  h^t  of  boiling  water  is  calculated  to  be 
about  thrice  greater  thap  what  we  feel  from  the  rays 
of  the  inn  in  fiimmer,  or,  which  amounts  to  the 
ftme  thing,  the  heat  pf  boiling  water  is  thrice  greater 
than  the  natural  heat  of  the  blood  in  the  human  body. 
in  order  to  melt  lead,  we  muft  have  a  heat  thrice 
than  is  requifite  to  np^^  •"'^er  boil ;  and  to 

X  4  melt 
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mdt  copfier  i  beat  fiill  ihride 
To  mdt  gold  requires  a  modilii] 
Heat,  then,  one  hundred  timoiJ 
our  blood  is  C2faib]t  of  mcltsng  gotdVliarf^  IImm 
muft  a  heat  two  thoufand  tknoi  fJjPrtWarJwwiwliiti 
forceof  our  ordinary  fires }i<.  :;.^-ifi  $aiU:>  mstftw 
.  7*  Buk  ho^  are  tbefe  prodi^poua  e flMti miailsdl 
by  the  nya bf  the  fun  colledod -ia  ihrninm aISHm 
boraingtj^  ?  Tbis4l  ^  noery  diftcnk  -qwflUb«i:^iidi 
yefpe&  ta  vfafcdi  pUIbfophers  are  ^nity  audi  jwidbii 
Tbpfe  who  maintna  that  the  rays  aM  an  wnpntiott 
from  the  fun,  darted  with  the  amsk^  vefadty  iHmj^ 
I  Airmcrly  dcfcribfd,  arc  not  i;rca|^  egibana^cd  far 
a/fidntion;.  the^  bam  only  tp  iaythat  the  laatt^af 
thexaysy  ftrilnng  ■  hcidifs  with  viol^noe^  inuft  Jtoiall^ 
bccafcikhd  dcAs^oy' their  inimitepartidfi^.  BattUi 
ojHnion  is  no  longer  admitted  in  found  philofopbyv 

ft*  The  other  fyftem,  which  makes  the  nature  of 
light  to  confift  in  the  agitatitin  of  the  ether,  appears 
little  adapted  to  explain  thefe  furprizing  effecb  gf 
buFning-gialleSi*  On  carefully  examining^  however^ 
all  the  circumflances,  we  fhall  foon  be  conxdnced  of 
the  pofTibility  of  this.  The  natural  rays  of  the  fun» 
as  they  fall  on  bodies,  excite  the  minute  particles  of 
the  furfacc  to  a  concuffion,  or  motion  of  vibration, 
which,  in  it's  turn,  is  capable  of  exciting  new  rays, 
and  by  thefe  the  body  in  queflion  is  rendered  vifible. 
And  a  body  is  illuminated  only  fo  far  as  (hefe  proper 
particles  are  put  into  a  motion  of  vibration  fo  rapid 
as  to  be  capable  of  producing  new  rays  in  the  ether,^ 

9.  It  is  clear,  then,  that  if  the  natural  rays  o£  th9 
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fun  have  fufficicnt  force  to  agitate  the  minute  par- 
tides  of  bodies,  thofe  which  are  colleded  in  the  focus 
xnuft  put  the  particles  which  they  meet  there  into 
an  agitation  fo  violent,  that  their  mutual  adhefion  is 
entirely  diflblved,  and  the  body  itfelf  completely  de- 
ftroyed,  which  is  the  ciFeA  of  fire.  For  if  the  body 
is  combuftible,  as  wood,  the  dilTolutlon  o£  t^efe  mi- 
nute particles,  joined  to  the  moft  rapid  agitation, 
makes  a  confiderable  part  of  it  to  fly  off  into  air,  in 
the  form  of  fmoke,  and  the  groffer  particles  remwi 
in  form  of  aihes.  Fufible  bodies,  as  metals,  become 
liquid  by  the  difiblution  of  their  particles,  whence  we 
may  cotnprehend  how  fire  ads  on  bodies ;  it  is  only 
the  adhefion  of  their  minuteil  particles  which  is  at- 
tacked, and  the  particles  themfelves  arc  thereby  after- 
wards put  into  the  moft  violent  agitation.  Here, 
then,  is  a  very  ftriking  cSe&  of  burning-glafles,  which 
derives  its  origin  from  the  nature  of  convex  lenfes. 
There  are  beiides  many  other  wonderful  cSSbBlS  to  be 
ilefcribed« 

zZtb  Decanter 9  1761. 
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LETTER    LXXIX. 
The  Camera  Obfcura. 

WE  likewife  employ  convex  lenles  in  the  ca^ 
mera  obfcura^  and  by  means  of  them,  all  ex. 
ternal  obje^b  are  pcefented  in  the  darkened  room  on 
%  white  *^  their  natura)  colours,  in  fuch  a 

manner  i  and  pubUc  buildinss,  or  ob- 

jefts 


V 

■feEBott  ttoj^the >gwre>  irf^ A»>pdit»tf »!? ii>|%|f 

^^  liii0yibd,-ih  (Mrdar 'to'diiiW^  wfik  ckaftMij(Aig|i^- 

.  fapck'iAa  cwJur 'dlj!Bfb-wMd>  iMc< :  iliwwiil  1ll^^^^ 

tintecr  '  11k*<tiunet«  otiftiirat'tbhi;  is  ti».WuAii44iii 

tiaktAiibdxixtt'^iMfdii^i  lip.ifB  all  fidb^taMpMMk 
fittte  '*altiMil-i4«mii«  stA^  in-  one  o£  die  «Mi# 
thutC2l^>  llbi  ^Mikbll^iftted  » -«Mivat  lMi^%f :liiiiim 
fiMAitttRi|»:thFO#th«  image  o^  <Mtttt«wlf'oh|difliM<^| 
IJIfrU«tf6<F^«ka4Ettf(mtte(^|K>fit»«dl>i^fi9a^^ 
A  wlrft^ttiid-montfir'ttfaie:  is  Mkamfc  «lBflajFd^ 

''-lKeniyVbr^UghtV'^k«fdere«cui  be  sdnilteil  teli 
the  dkifttbcf  only  through  the  aperture  ACN,  in 
whidi  flK'lens  b&ted,  without  which  total  darkneft 
Would ^HBvail.-    iw-  :^ 

Let  us  now  confider  the  point  P  of  any  6b|eft,i 
fay  the  ftcm  of  our  tree  O P.  -It's  rays  P M, P A^ 
P  N  will  fall,  then,  on  the  lens  MN,  and  be  refTa6»d 
by  it,  fo  as  to  meet  again  at  the  point  ^  on  the  wall,  , 
or  on  a  white  table  placed  there  ibr  the  purpoCe. 
This  point  p  will  confequently  receive  no  other  rays 
but  fuch  as  proceed  from  the  point  P ;  and  in  like 
manned  Ibvery  other  point  of  the  table  will  receive 
only  the  lays  which  proceed  from  the  corscfponding 
point  ^f  the  <>bjed ;  and  reciprocally,  to  every  JKnat 
of  fHiier  e jiternal  obged  willt:arrefpond  a  point  on  the 
tables  which  tecaves  tfaofbraysiyad  no  other.  .  If  tht 

lent 
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kns  were  to  be  removed  from  the  aperture  M  N,  the 
table  would  be  illuminated  in  quite  a  difierent  man- 
ner, for  in  that  cafe  every  point  of  the  object  would 
(difiufe  it*8  rays  over  the  whole  table,  fo  that  every 
point  of  the  table  would  be  illuminated  at  once  by 
aU  the  external  objeds,  whereas  at  prefent  it  is  fo  by 
one  only,  that  whole  rays  it  receives }  from  this  you 
wQl  eafily  comprehend  that  the  effed  mufi:  be  quite 
diflferent  from  what  it  would  be  if  the  rap  entered 
fimply  by  the  aperture  MN  into  the  chamber. 

Let  us  now  examine,  fomewhat  more  dofdy, 
-wherein  this  difierence  confifts ;  and  let  us  firft  fup- 
pofe  that  the  point  P  of  the^  objed  is  green,  the  point 
of  the  taUe  p  will,  therefore^  receive  only  thofe  green 
rays  of  the  objed  P,  and  thefe,  re-uniting  on  the 
vnll  or  table,  will  make  a  certain  imprefiion,  which 
bJere  merits  confideration.  For  this  purpofe  you  will 
pleaie  to  i  ecolled  the  following  propofitions  which  I 
had  formerly  the  honour  of  expbining  to  you. 

u  C(^ours  differ  from  each  other  in  the  fame 
manner  as  muiical  founds :  each  colour  is  produced 
by  a  determinate  number  of  vibrations,  which,  in  a 
given  time,  are  excited  in  the  ether.  The  green 
colour  of  our  point  P  is  accordingly  appropriated 
to  a  certain  number  of  vibrations,  and  would  no 
longer  be  green  were  thefe  vibrations  more  or  lefs 
rapid.  Though  we  do  not  know  the  number  of  vi- 
brations which  produce  fuch  or  fuch  a  colour,  we 

may^  * er,  be  permitted  to  fuppofe  here  that 

greet  welve  ihoufand  vibrations  in  a  fe- 

cond^  affirm  of  this  nu  '  ivdve 

and. 


t&oii&iid,  jny  ItkflfrUc  lie  itSlfimaOmtMkJtl^ikt 

-naliwmbd:^wlui(cnf€ritbe.i:;^         jd  InVov  dloKr 
b.  :ii^: Tbif  being  faiddown, dtt  jihIhI  JUlwUloTntMi 
tibie  tan  be  firack.liyia  mttkaiicf^ivllihtiti^^ 
^bich  tundve  thau£uid  wiU  bdconplftoctto  MbiMiii|> 
^ovr,  LhaFe  remttked  ikili.i3bat^piftdmv£^i^^ 
ivxfxi:  arc  all  o^Ifodi  a  ii^mn  ak,tQftMi^«ll|(f 
ibrt.  of.  agitation,  xnoircxur.  Je&f]iiml«/ii|]us^^ 
:cf .  a  cdoured  fudBuce  arc  adaptnl'«Q[trceQKm;4w!|r 
that  d^rce  of  rapidity  !«)ttch  OTn|c(pdB<^ft^f^^^Mk 
.cgakrair.    ^fiulat  oartdikviwiiito»  tli0ipowtj^.jhit 
i|jil  be  cx:dt»d  taa  moftloit  of  vifaDMte:itonrtf|iaii 
InJIP'ia  the  oolonr^  green  ;  ^  in  dthcenev^^ 
a^ipted  twdvc  thmdud times ifteiifaotin^^    -i^ '  :p 
*  !(i3^A»Jbiigasthe;ip(Unfcijpi  ^iSi^ipai^^ 
iKrhite  furfiBure  which  eadfts  tXerc,  *  iragtiatddi  wiftli*n 
fimilar  motion,  this  vHl  be '  combhunicated  to  Che 
particles  of  the.  ether  which  furroundat}  and  this 
motiofl  difllixfing  it&lf  in  all  diredioiis,  will  generate 
rays  of  the  fame  nature,  that  is  to  fay,  green;  juft  as 
in  mufic,  the  found  of  a  certain  note,  (ay  C,  agitates 
a  ilring  wound  up  to  the  fame  tone,  and  makes  ft 
emit  a  found  without  being  touched. 

4.  The  point  p  of  the  white  table  will  accordingly 
produce  green  rays,  as  if  it  were  dyed  or  painted  that 
colour :  and  what  I  affirm  of  the  point  fy  wiU  equally 
take  place  with  refped  to  all  the  pcnnts  of  the  illu- 
minated table,  which  \ii'iU  produce  all  the  rays,  each 
of  the  fame  colour  with  that  of  the  otged  whofe 
image  it  reprcfents.     Every  point  of  the  table  will, 

therefore^ 
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therefore,  become  vifible,  under  a  certain  colour,  as 
if  it  were  a^hially  painted  that  colour. 

5.  You  will  perceive,  then,  on  the  tabic,  all  the 
cotour&of  the  external  objefts,  the  rays  of  which 
win  be  admitted  into  the  chamber  through  the  lens : 
each  point  in  particular  will  appear  of  the  colour  of 
tkat  point  of  the  objeft  which  correfponds  to  it,  and 
yov  will  fee  on  the  table  a  combination  of  various 
colours,  difpofed  in  the  fame  order  as  you  fee  them 
in  the  objefts  themfelves,  that  is  to  (ay,  a  reprefenta- 
tion,  or  rather  the  perfeft  pifturc  of  all  the  objefts 
on  the  outfide  of  the  dark  chamber  which  are  before 
the  lens  NN. 

6.  All  thefe  objefts  will,  however,  appear  reverfed 
on  the  table,  as  you  will  conclude  from  what  I  have 
£ud  in  my  foregoing  letters.  The  under  port  of  the 
tne  O  Yritt  be  rq)refented  at  o^  and  the  fummit  P  at 
/ .-  for,  in  general,  each  object  muft  be  reprefented 
op  the  whhi  table,  in  the  place  which  is  the  termi- 
nation of  the  ftraight  line  drawn  from  the  objed  P 
throu^  the  middle  of  the  lens  A:  that  which  is 
upward  wiU^  confequently,  be  reprefented  down- 
ward, and  that  which  is  to  the  left  will  be  to  the 
right ;  in  a  word,  every  thing  will  be  reverfed  in 
the  pichire  ;  the  reprefentation  will,  neverthclefs,  be 
more  exact  and  more  perfect  than  the  mod  accurate 
painter  is  capable  of  pi'oducing. 

7.  You  will  further  remark,  that  this  picture  will 
be  fo  much  fmallcr  tlian  the  objects  themfelves,  in 
proportion  as  the  focus  of  the  lens  is  Ihorter.  Lenfcs 
of  a  i^f^rf  focus  will  accordingly  give  the  objects  in 

s .  miniature ; 
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nuniatiiM}  indif  701!  woidd.iviflir'tovllxye 
magnified^  y  oa  maSt  employ  kidei  oCaJbdgBrJbciis^ . 
or  wMch  nprtknt  the  images  at  agrealer (fifefticp. 

8.  In  order  to  contemj^e'  thdb  r^pttfiaiK&ddit  i 
more 'at  ieafe,  .the  rays  may  beiaterctptedliym  ititw- 
ror,  from  which  they  are  refradsd^  fe  aatdii^iic^; 
fcnt.the'whde  pidnow  on  a  hontoat^'^iMtf^^ 
thk  is  of  pecdbr  advantage' irlMn'wr  wiflk  f^ 
the  images; 
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Rjfiif&iwuon  the  Ripre/gntation  in  tbtCamrffM/airig. 

THOUGH  you  can  no  loiq^  entortplB  nof 
doubt  refpeAing  the  reprefentations  made  in 
a  dark  chamber,  by  means  of  a  convex  lens,  I  hope 
the  following  refleAions  will  not  appear  Ig^rfluons^ 
as  they  ferve  to  place  this  fubjed  in  a  clearer  light. 

1/  The  chamber  muft  be  completdy  darkened,  for, 
were  the  light  admitted,  the  white  table  would  be 
vifible,  and  the  particles  of  it's  furface,  already  a^- 
tated,  would  be  incapable  of  recdving  the  impreffion 
of  the  rays  which  unite  to  form  the  images  of  ex* 
ternal  objeds.  Though,  however,  the  chamber  were 
a  little  illuminated,  dill  fomething  of  the  reprefenta* 
tion  would  appear  on  the  table,  but  by  no  taieans  fo 
vivid  as  if  the  chamber  were  entirely  dark. 

2.  We  muft  carefully  diftinguifh  the  pifture  re- 
prefented  on  the  white  table,  from  the  image  which 

.     the 
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the  lens,  in*  virtue  of  it's  own  nature,  repfefqntl,  ^  I 
have  formerly  explained.  It  is  very  true,  that  placing 
the  table  in  the  very  place  where  the  image  of  the 
objefb.  is  formed  by  the  lens,  this  image  will  be  con-: 
founded  by  the  picbire  we  perceive  on  the  tsd)le ;  > 
thde  two  things  are,  nevertheleis,  of  a  nature  entirely 
di&rent :  the  image  i:;  only  a  fpeclre  or  ihade  float- 
ing in  the  ait,  which  is  vifible  but  in  certain  places, 
whereas  the  reprefentation  is  a  real  picture,  whici) 
every  one  in  the  chamber  may  fee,  and  to  which  du-, 
radon  alone  is  watitiiig. 

3.  In  order  the  more  clearly  to  elucidate  this  dif- , 
ference,  you  have  only  to  coniider  carefully  the  na- . 
ture  of  the  image  o,  (plate  VL  fg^  5.)  reprefented  by, 
the  c(»ivex  lens  M  N,  the  objeft  being  at  O.    This 
image  b  nothing  elfe  but  the  place  in  which  the  r^ys . 
OM|  OC,  ON  of  the  object,  after  having  pailed 
through  the  lens,  meet  by  refraction,  and  thence, 
continue  their  direction  as  if  they  proceeded  from . 
the  point  0,  though  they  really  originated  from  O, 
and  by  no  means  from  0. 

4.  Hence  the  image  is  vifible  only  to  eyes  fituated 
fomewhere  within  the  angle  R  0  Q,  as  at  S,  where 
an  eye  will  aftually  receive  the  rays  which  come  to 
it  from  the  point  o.  But  an  eye  fituated  out  of  this 
angle,  as  at  F  or  V,  will  fee  nothing  at  all  of  it,  bc- 
caufe  no  one  of  the  rays  collected  at  ^.is  directed  to- 
ward it ;  the  image  at  c,  therefore,  differs  vpry  eflcn- 
tiallyfrom  a  real  object,  and  is  vilible  only  in  certain 
places.. 

>.  But 


T. 


JSO  tHS  CAXkERA  OBSCV&A. 

# 

5*  Bat  if  a  white  table  is  pbced  at  #,  and  it'^-fiir* 
ficeat  tUa  point  §  h  rcaJiY  xxdtk^  to  mi  ^fWa^ 
fimilar  to  tlfiit  which  takeft  phco  intiiftitii|cA  CVthia. 
fpM  0  of  the  fttr£su:e  ttlelf '  geMvat^  ^ntyitiHiicknii^ 
der  it  vifidoevtTf  where;''  HoM^  ;thd(^  ^  tU';tffV 
fiBrence  bet^Men  the  image  of  aa  objo^v^&d  ic^a 
prefimtation  biade  in  a  camera'  ofafiain:  -the 
is  vifibie  onTy  in  certain  placttt,  txmdfy  tHofe  tlurouf^ 
whidi  are  tranfinitted  the  rays  lliat  ori|^;idaBy  pv6«' 
coed  from  the  ofcgeft ;  wheMui  the  pifturey  ornpcie* 
ientation  formed  on  the  white  table,  ia  fteb  by  irir 
own  rays,  excited  by  the  agiutlon  of  the  pavtida 
of  it's  furiace,  and  confequently  vifitde  in«very  phee- 
of  the  camera  obfeiira. 

6.  It  Is  likesrife  evident,  that  the  white  uMe  iiia& 
abfi^tdy  be  placed  ezadly  in  the  fdaceof  the  image' 
fbrmed  by  the  lens,  in  ord^  that  every  point  of  the 
table  may  receive  no  other  rays  except  fuch  as  pro- 
ceed from  a  fingle  point  of  the  objeft :  for  if  other 
rays  wert  likewife  to  fall  upon  it,  they  would  dis- 
turb the  effect  of  the  former,  or  render  the  repre« 
fentation  confufed. 

y.  Were  the  lens  to  be  entirely  removed,  and  free 
adn(iiffion  given  to  the  rays  into  the  dark  chamber, 
the  white  table  would  be  illuminated  by  it,  but  no 
pifture  would  be  viiible.  The  rays  of  the  di&rent 
objefts  would  fall  on  every  point  of  the  table,  with- 
out expreffihg  any  one  determinate  image.  The 
picture,  accordingly,  which  we  fee  in  a  camera  ob- 
fcura,  on  a  white  furface,  is  the  effedl  of  the  conves^ 

I  kiia 
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lens  fixed  In  the  fliutter :  this  it  is  which  coUeftji 
anew,  in  a  fingle  point,  all  the  rays  that  proceed 
from  one  point  of  the  object. 

8.  A  very  Angular  phenomenon  is  here,  however,, 
obfervable,  when  the  aperture,  made  in  the  window-  • 
ihutter  of  the  dark  chamber,  is  very  fmall :  for  though 
no  lens  be  applied,  you  may,  neverthelcfs,  perceive 
on  the  qppofite  partition  tlie  images  of  external  ob- 
jects, and  even  with  their  natural  colours :  but  the 
reprefentation  is  very  faint  and   confufed,  and  if 
the  aperture  is  enlarged  ^this  reprefentation  entirely  • 
difappears.     I  fliall  explain  this  phenomenon. 

In^^.  6.  plate  VL  MN  is  the  fmall  aperture  through 
%*'liich  the  rays  of  external  objects  are  admitted  into 
the  dark  chamber  EFGH.  The  wall  FG  oppofite 
to  the  aperture  is  white,  the  better  to  receive  the 
impreflion  of  rays  of  all  forts. 

Let  the  point  O  be  ah  object,  of  which  the  rays 
OM,  ON  alone,  with  thofe  which  fall  between  them, 
can  enter  into  the  chamber.  Thele  rays  will  be  con- 
fined to  the  fmall  fpacc  o  o%o'l  the  wall,  and  will  illu- 
minate it.  This  fpacc  o  o  w  ill  be  fo  much  fmaller, 
or  approach  the  nearer  to  a  point,  in  proportion  as 
the  aperture  MN  is  fmall :  if  then  tliis  aperture  were 
very  fmall,  we  fliould  have  the  eillct  already  de- 
fcribed,  according  to  which  every  point  of  the  white 
table  receives  only  the  rays  proceeding  from  a  linglc 
point  of  the  object:  there  would  be  produced,  of 
confequffiMja'— a  r.^prcfcntation  llmilar  to  that  which 
is  prod  >lic:ulon  of  a  convex  lens  to  an . 

"lutter.     But  in  t| 
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caTe,  the  aperture  being  of  a  certain  extent^  pf^ttf 
point  O  of  the  objed  will  illuminate  a  certun  fioiiA 
(pace  0  0  on  the  wall,  and  agitate  it  by  it's  rays.  ^1^ 
iaine  thing  then,  nearly,  would  take  place»  as  IF  a 
painter,  inftead  of  n^aking  points  with  a  foe 
fliould  with  a  coarfe  one  make  ipots  oJF  a 
magnitude,  attending,  however,  to  defign  and  dn^ 
louring,  the  repre&ntadon  made  on  the  trail  ^tfS 
have  a  refemblance  to  this  fort  of  daubing ;  l^t  ft 
will  be  dearer  in  proportion  to  the  fitnallnefa  of  Ac 
aperture  by  wluch  the  rays  are  admitted. 


LETTER   LXIXI. 

Of  the  Magic  Lantern^  and  Solar  Microfcopen 

nnUE  camera  obfcura  has  properly  no  effect  except 
-*•  on  very  diftant  objects,  but  you  will  eaffly  com- 
prehend,  that  it's  application  may  be  equally  ex- 
tended to  nearer  objefts ;  for  this  purpofe  the  white 
table  muft  be  removed  further  from  the  lens,  con- 
formably to  this  general  rule,  that  the  nearer  the 
object  is  brought  to  the  convex  lens,  the  farther 
does  the  image,  where  the  white  table  ought  to  be 
placed,  retire  from  it ;  and  if  the  chamber  is  not  of 
fujBicient  depth,  a  different  lens,  of  a  fliorter  focus, 
muft  be  employed. 

You  may  place  then,  out  of  the  chamber,  before 
the  aperture  to  which  the  convex  lens  is  fitted,  any 
object  or  picture  whatever,  and  you  will  fee  a  cojqr 
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of  it  on  the  white  table  within  the  dark  chamber, 
greater  or  fmaller  than  the  ori^nal,  according  as  the 
diftance  of  the  image  is  greater  or  fmaller ;  but  it 
would  be  more  commodious,  undoubtedly,  if  the 
objed  could  be  expofed  within-fide  the  dark  cham- 
ber,  in  order  to  it*s  being  moved  and  changed  at 
pleafure.  But  here  a  great  difficulty  occurs;  the 
objeft  itfelf  would,  in  this  cafe,  be  darkened,  and 
confequently  rendered  incapable  of  producing  the 
effeA  we  wilh. 

The  thing  wanted,  then,  is,  to  illuminate  the  ob- 
jeft  as  much  as  poffible,  within-fide  the  dark  cham- 
ber, and  at  the  fame  time  to  exclude  the  light.  I 
have  found  out  the  means  of  doing  this.  You  will  ' 
recoiled  that  I  conftrufted  a  machine  to  the  effeft  I 
am  mentioning,  which  I  had  the  honour  of  prefent- 
ing  to  you  fix  years  ago ;  and  now  you  will  eafily 
tomprehend  the  ftrufture,  and  the  principles  on 
which  it  is  founded. 

This  machine  confifts  of  a  box  very  clofe  on  all 
fides,  nearly  of  a  figure  fimilar  to  Jig*  7.  plate  VIL 
The  farther  fide  of  which  E  G  has  an  opening  I K, 
in  which  are  to  be  fitted  the  objefts,  portraits  or 
other  pidures  OP  which  you  mean  to  reprefent ;  on 
the  other  fide,  direcUy  oppofite,  is  a  tube  MNQR, 
containing  a  convex  lens  MN;  this  tube  is  moveable, 
for  the  purpofe  of  bringing  the  lens  nearer  to  the 
objeft,  or  of  removing  it  at  pleafure.  Then,  pro- 
vided the  object  OP  be  well  illuminated,  the  lens 
«sr;u  throw  fomcwhere  the  image  of  it  opy  and  if 

a  white  you  will  fee  upon  it 

a  perfcft 
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a  perfeft  copy  of  the  objeA,  fo  much  the  dearer  as 
the  objed:  itfdf  is  more  illununated. 

For  thb  purpofe  I  have  contrived  in  thb  box  twb 
fide  wings  for  the  reception  of  lamps  with  hurge 
wicks,  and  in  each  wing  is  phced  a  mirror  to  refleft 
the  light  of  the  lamps  on  the  objeds  OP ;  above^  at 
£F,  is  a  chimney  by  which  the  fmoke  of  the  lamps 
pafiies  off.  Such  is  the  conftrudion  of  this  maichiae* 
within  which  the  objeft  O  P  may  be  very  ftrongly 
illuminated,  while  the  darknefs  of  the  chamber  dif- 
fers no  diminution.  In  order  to  the  proper  u£e  of 
this  machine^  attention  muft  be  paid  to  the  follow- 
ing remarks. 

I.  On  Aiding  inward  the  tube  MNQR,  that  is 
bringing  the  lens  MN  nearer  to  the  objed  OP,  the 
image  op  will  retire ;  the  white  tablet  muft  therefcure 
be  removed  backward,  to  receive  the  image  at  the 
juft  diftance;  the  image  will  thereby  be  likewiie 
magnified,  and  you  may  go  on  to  enlarge  it  at  plea- 
fure  by  prefllng  the  Icns^  MN  nearer  and  nearer  to 
tlie  objeft  OP. 

•II.  On  removing  the  lens  from  the  objeft,  the 
diftance  of  the  image  will  be  diminiflied :  the  white 
tablet  muft  in  this  cafe  be  moved  nearer  to  the  lens, 
in  order  to  have  a  clear  and  diftinct  reprefentation, 
but  the  imaa:e  will  be  reduced. 

III.  It  is  obvious  that  the  image  will  be  always 
rcverfed ;  but  this  inconveniency  is  cafily  remedied ; 
you  have  only  to  reverfe  the  object  OP  itfelf,  turn- 
ing it  upfide  down,  and  the  image  will  be  repre* 
I'ented  upright  on  the  white  tablet. 

IV 
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IV*  It  is  a  farther  general  remark,  that  the  more 
the  image  is  magnified  on  the  white  tablet,  the  lefs 
luminous  and  diftinft  it  will  be ;  but  on  reducing 
the  image,  it  is  rendered  more  diftinft  and  brilliant. 
The  reafon  is  plain,  the  light  proceeds  wholly  from 
the  illumination  of  the  object ;  the  greater  that  the 
ipace  is,  over  which  it  is  diffufcd,  the  more  it  muft 
be  weakened,  and  the  more  contracted  it  is,  the 
mOr?  brilliant, 

V.  Accordingly,  the  more  you  wifh  to  magnify 
the  reprefentation,  the  more  you  muft  ftrengthen 
the  illumination  of  the  objed,  by  increafing  the  light 
of  the  lamps  in  the  wings  of  the  machine :  but  for 
fmall  reprefentations  a  moderate  illumination  is  fuf- 
ficient. 

■  The  machine  which  I  have  been  defcribing  is 
called  the  magic-lantern^  to  diftinguifli  it  from  the 
common  camera  obfcura,  employed  for  reprefentiug 
diftant  objefts:  its  figure,  undoubtedly,  has  pro- 
cured it  the  name  of  lantern,  efpecially  as  it  is  de- 
figned  to  contain  light ;  but  the  epithet  magic,  muft 
have  been  an  invention  of  it's  firft  proprietors,  who 
wiihed  to  imprefs  the  vulgar  with  the  idea  of  ma^c 
or  witchcraft.  The  ordinary  magic-lantemsi,  how- 
ever, are  not  conftrufted  in  this  manner,  and  ferve 
to  reprefent  no  other  objects  but  figures  painted  on 
glafs,  whereas  this  machine  may  be  applied  to  objefts 
of  all  forts. 

It  may  even  be  employed  for  rcprcfenting  the 

finalleft  objects,  and  for  magnifying  the  reprefenta- 

"n  a  prodigious  fizi  i:hat  the  fmalleft  fly 
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life  and  Effeil  ofafmple 

WE  likcwife  employ  convc: 
diatdy  looking  through 
explain  their  different  ufes,  we  01 
inveftig^ttion  of  their  nature. 

Having  ofaferved  the  focal  difta 
I  have  already  remarked,  that  v 
very  remote,  it's  image  is  reprefi 
itielf,  but  on  bringing  the  objedt 
the  image  retires  farther  and  farth 
if  the  diftancc  of  the  objed  be  e< 
focus  of  the  lens,  the  image  is  i 
finite  '''^ — 
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as  NF,NF;  and  as  parallel  lines  are  fuppofed  to  pro- 
ceed forward  to  infinity,  and  as  the  image  is  always 
in  the  place  where  the  rays,  ifTuing  from  one  point 
of  the  objed,  are  collected  again  after  the  refra^Uon ; 
in  the  cafe  when  the  objeft  OA  is  equal  to  that  of 
the  ficfcus'of  the  lens,  the  place  of  the  image  removes 
to  an  infinite  diflance ;  and  as  it  is  indifferent  wlie* 
ther  wc  conceive  the  parallel  lines  NF  and  NF  to 
meet  at  an  infinite  diftance  to  the  left  or  to  the  right» 
it  may  be  (aid  indifferently,  that  the  image  is  to  the 
right  or  to  the  left,  infinitely  diflant,  the  cffcd  being 
always  the  fame. 

Having  made  this  remark,  you  will  eafily  judge 
what  muft  be  the  place  of  the  image,  when  the  ob- 
jeA  is  brought  ftill  nearer  to  the  lens. 
.  Let  OP,  {plate  VI.  fig.  8.)  be  the  object,  anil  as 
it's  diftance  O  A  from  the  convex  lens  is  lefs  than 
the  diffance  of  the  focus,  the  rays  OM,  OM,  which 
fall  upon  it  from  the  point  O,  are  too  divergent  to 
admit  of  the  poffibility  of  their  being  rendered  pa- 
ralld  to  each  other  by  the  refractive  power  of  the 
Jens ;  they  will,  therefore,  be  ftill  divergent  after  the 
refradion,  as  marked  by  the  lines  NF,  NF,  though 
much  lefs  fo  than  before,  therefore  if  tliefc  lines  arc 
produced  backward,  they  will  meet  fomewhere  at  e?, 
as  you  may  fee  iiv  the  dotted  lines  N  o^  N  o.  The 
rays  NF,  NF,  will,  of  confequence,  after  having 
paffed  through  the  lens,  preferve  the  fame  direction 
as  if  they  had  proceeded  from  the  point  ^,  though 
they  have  not  actually  paffed  through  that  point,  as 
^"^  in  the  lens  that  thev  have  taken  this  new 

■?  dircdion. 
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tiiredion.  An  eye  which  recdves  .thefie  TctMBteA 
rays  NF,  NF,  will  be,  therefore,  affeded  as  if  tlirf 
really  came  from  the  point  0,  and  will  ima^96  flat 
the  objeA  of  it's  vilion  exifts  at  «.  There  will,  haw« 
ever,  be  no  image  at  that  point,  as  in  th6  precediiig 
cafe  :  to  no  purpofe  would  you  put  a  white  tablet  it 
0^  it  would  prefent  no  pidhire  there,  for  want  of  ^ 
rays ;  for  this  reafon  we  £iy  that  there  is  an  iknag^ 
nary  image  at  0,  and  not  a  real  one :  the  term  ima-^ 
ginary  being  oppofed  to  that  of  reaL 

JSTeverthdefs,  an  eye  placed  at  £  receives  the  fame 
impreiHon  as  if  the  objeA  OP,  from  which  the  rays 
originally  proceed,  exifted  at  0.  It  is  of  great  im- 
portance, then,  to  know,  as  in  the  preceding  cafes, 
the  place  and  the  magnitude  of  this  ima^ary  image 
op.  As  to  the  place,  it  is  fufficient  to  remark,  that 
if  the  diftance  of  the  objeft  AO  be  equal  to  the  dif- 
tancc  of  the  focus  of  the  lens,  the  image  will  be  at 
an  infinite  diftance  from  it,  and  this  is  what  the  pre- 
fent cafe  has  in  common  with  the  preceding ;  but 
the  nearer  the  olpjeft  is  brought  to  the  lens,  or  the 
Icfs  that  the  diftance  AO  becomes  than  that  of  the 
focus  of  the  lens,  the  nearer  docs  the  imaginary  image 
approach  to  the  lens,  though,  at  the  fame  time,  it" 
remains  always  at  a  greater  diftance  from  the  lcn3 
than  the  object  itfelf, 

To  elucidate  this  by  an  example,  let  us  fuppofe 
that  the  focal  diftance  of  the  lens  is  6  inches,  aB4 
for  the  diiTcrent  diftances  of  the  objeft,  the  liumilfe 
tal.  Ic  indicates  the  diftance  of  the  imaginary  in) 
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Diftknce  of  die  Objeft  A  O. 

Diitanccof  the  imaginary  Imaf 
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I  and  a  fifth. 

The  rule  for  afcertaining  the  magnitude  of  this 
imaginary  image  op  is  eafy  and  general,  you  have 
only  to  draw  through  the  middle  of  the  lens,  marked 
C,  and  through  the  extremity  of  the  objecl  P,  the 
firaight  line  C  V p  j  and  where  it  meets  with  the  line 
9  p  drawn  from  o  at  right  angles  with  the  axis  of  the 
lens,  you  will  have  found  the  magnitude  of  the  ima- 
ginary image  op  j  from  which  it  is  evident,  that  this 
image  is  always  greater  than  the  objeft  O  P  itfeif,  as 
many  times  as  it  is  farther  from  the  lens  than  the 
objeA  OP.  It  is  likewife  evident,  that  this  image 
is  not  revcrfed,  as  in  the  preceding  cafe,  but  upright 
as  the  object. 

You  will  cafily  comprehend,  from  what  I  have 
laid,  the  benefit  that  may  be  derived  from  lenfes  of 
this'  fort,  by  perfons  who;'.;  fight  is  not  adapted  to 
the  view  of  near  objects,  but  who  can  fee  them  to 
more  advantage  at  a  confiderable  diftance.  They 
have  only  to  look  .it  objects  through  a  convex  lens, 
in  order  lo  Ice  tiuiii  .'.s  !'  ihey  were  very  diftant. 
:  dcff't  i!i    h  I'L-ift  lo  near  objeCis  oc- 

ar»Vfeally  m  a^^  :.  ho  coufequently  make 
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tife  of  fpecbdes  with  convex  glafles,  ^^hidi,  expo&d 
to  the  fun,  produce  the  effisA  of  a  Inurning'^aisy  ahd 
this  afcertains  the  focal  difiance  of  evei7|^a&.  Sonw^.. 
jperfons  have  occafion  for  fpeds^jdes  of  a^Teiy  iMnr- - 
focus,  otheird  i6f  one  more  diftant,  a|ccordii^  IxSltfae 
ilate  of  their  fight ;  but  it  b  fiiffidcjnt,  for  viny  pre* 
fent  purpoi^  to  have  given  a  genera^  idea  of  thcfiife 
of fuch fpe.<aacles.     --^  ''-  ''"'^ 


Voi'^ 
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Tl 


1  •    V    ■ 
IJ^  and  Effed  ofa\ ConcaveiL^^         •.  Vji 

You  have  ftfibjftm Goav;ex  gla&s.iQft  tboi^gitC^. 
of  old  peojde,  by  reprefenting  to  them  ol^cQt 

as  at  a  greater  difiance  than  they  really  are  :  there  mf(^ 
eyes,  gn  the  contrary,  which,  in  order  to  diftindl:  y£- 
fion,  require  the  otgefts  to  be  reprefented  as  nearer  ; 
and  concave  glaffes  procure  them  this  advantage: 
which  leads  me  to  the  explanation  of  the  efiFeft  of 
concave  Icnfes,  which  is  direftly  the  contrary  of  that 
of  the  convex.  .        =  . 

When  the  objeft  O  P,  Cp/ate  VLJlg.  9.)  is  -vrery  ! 
diftant,  and  it's  rays  O  A?,  O  M,  fell  almoft  paxalld 
on  the  concave  lens  T  V,  in  this  cafe,  inftead  of  be- 
coming convergent  by  the  refraftion  of  the  lens, 
they,  on  the  contrary,  become  more  divergent,  pur- 
fuing  the  direftion  N  F,  N  F,  which,  produced  bacl> 
watd,  meet  at  the  point  0  ;  fo  that  an  eye  placedyji 
example,  at  E,  receives  thefe  refrafted  rai 

7 
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iame  manner  as  if  they  proceeded  from  the  point  o^ 
though  they  really  proceed  from  the  point  O ;.  for 
this  reafon  I  have,  in  the  figure,  dotted  the  ftraight 
lines  N  ^,  N  ^. 

As  the  objeft  is  fuppofcd  to  be  infinitely  diftant, 
ivere  the  lens  convex  the  point  o  would  be  what  we 
call  the  focus  ;  but  as,  in  the  prefent  cafe,  there  is  no 
real  concurrence  of  rays,  we  call  this  point,  the  ima- 
ginary focus  of  the  concave  lens ;  fome  authors  like- 
wife  denominate  it  the  point  of  difperf.pn^  becaufc  the 
rays,  refracted  by  the  glais,  appear  to  be  difperfcd 
from  this  point. 

Concave  lenfes,  then,  have  no  real  focus,  like  the 
convex,  but  only  an  imaginary  focus,  the  diftance  of 
^which  from  the  lens  A  o  is,  howe\'cr,  denominated 
.  the  focal  diftance  of  this  lens,  and  fcrvcs,  by  means 
of  a  rule  fimilar  to  that  which  is  laid  down  for  con- 
vex lenfes^  to  determine  the  place  of  the  image,  when 
the  object  is  not  infinitely  diftant.  Now  this  image 
is  always  ima^nary,  whereas  in  the  cafe  of  convex 
lenfes,  it  becomes  fo  only  when  the  objecl  is  nearer 
than  the  diftance  of  the  focus.     Without  entering 

into  the  explication  of  this  rule,  which  refpccls  cal- 

• 

culation  merely,  it  is  fufficient  to  remark : 

L  When  the  objeft  O  P  is  infinitely  diftant,  the 
imaginary  image  o  />  is  reprefented  at  the  focal  dif- 
tance  of  the  concave  lens,  and  this  too  on  the  fame 
fide  with  tte*  a||)ecl.  Neverthelefs,  though  this 
image  be  j||^[^n^y,  the  eye  placed  at  E  is  quite  as 
much  •  "8  if  it  were  real,  conformably 

nn  the  ^"'^^--cl  of  convex 

lenfes, 
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lenfeSy  when  the  objcd  is  nearer  the  lens  than  it's 
focal  I  cc.  j 

II.  0[     ringing  the  object  O  P  nearer  to  the  lens,  ' 
it's  ir  }p  will  likevvife  approach  nearer,  but  in  j 

f  iner,  that  the  image  will  always  be  nearer  \ 

tu  lui,  lens  than  the  object  is ;  whereas,  in  the  cafe  J 
of  convex  lenfcs,  the  image  is  more  diftant  from  the  ■! 
lens  than  the  objeft.  In  order  to  elucidate  this  more  ■] 
dt         J  f         "     "      "    al  diftance  of  the  con-  , 

]|  !  Dlltance  of  tbe  Image 

O  *  0  A  iviU  be 


i 


3      2 

2  I  1  and  a  half. 


in.  By  the  fame  rule  you  may  always  determine 
tlie  magnitude  of  the  imaginary  image  op.  You 
draw  from  the  middle  of  the  lens  a  ftraight  line,  to 
the  extremity  of  the  object  P,  which  will  pals  through 
the  extremity  p  of  the  image.  For,  fmce  the  line- 
P  A  reprefcnts  a  ray  coming  from  the  extremity  of 
the  object,  this  iame  ray  muft,  after  the  refraction, 
pafs  through  the  extremity  of  the  image;  but,  as . 
this  ray  P  A  paflcs  throughthe  middle  of  the  lens,  it 
undergoes  no  refraction ;  therefore  it  muft  itfdf 
pais  through  the  extremity  of  the  image,  at  the 
point  /. 

IV.  This 
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-  IV.  This  image  is  not  revcrfed,  but  in  the  fame 
pofition  with  the  objecl ;  and  it  may  be  laid  down 
as  a  general  rule,  that  whenever  the  image  falls  on 
the  fame  fide  of  the  lens  that  the  objecl  is,  it  is  al- 
ways rcprefented  upright,  whether  the  lens  be  con- 
vex or  concave  ;  but  when  reprefented  on  the  other 
fide  of  the  lens,  it  is  always  reverfed ;  and  this  C2m 
take  place  only  in  convex  lenfes. 

V.  It  is  evident,  therefore,  that  the  images  repre- 
fented by  concave  lenfes  are  always  (mailer  than  the 
objefts ;  the  reafon  is  obvious,  the  image  is  always 
nearer  than  the  objeft;  you  have  only  to  look  at 
the  figure  to  be  fatisfied  of  this  truth.  Thefc  arc 
the  principal  properties  to  be  remarked  refpefling 
the  nature  of  concave  lenfes,  and  the  manner  in  which 
cbjeds  are  reprefented  by  them. 

It  is  now  eafy  to  comprehend  how  concave  glaffes 
may  be  rendered  effentially  ferviceable  to  perfons 
whofe  fight  is  Ihort.    You  are  acquainted  with  fome 
ivho  can  neither  read  nor  write  without  bringing  the 
paper  almoft  dofe  to  their  nofc.   In  order,  therefore,  ^ 
to  their  feeing  diftinctly,  the  object  muft  be  brought 
very  near  to  the  organ  of  vifion ;  I  think  I  have  for- 
merly remarked  that  fuch  perfons  are  denominated 
Mi9pes.    Concave  lenfes,  then,  may  be  made  of  great 
vie  to  them,  for  they  reprefent  the  moft  diftant  ob- 
jcfts  as  very  near  :  the  image  not  being  farther  from 
filch  ^afies  than  their  focal  distance,  which,  for  the 
moft  part,  is  only  a  few  inches. 

Thefe  images,  it  is  true,  are  much  fmaller  than  the 
objecls  themfelycs :  but  this  by  no  means  prevents 

dil'tiridncfs 
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diilinctnels  of  vifion.  A  fmall  dbgcSt  xicaf ,  may  kp* 
pear  greater  than  a  very  large,  body  at  adiflaiioCi^  ia 
iad,  a  two-dreyer  piece*  appears  to  tibc  rp  grcttttr 
than  a  ftar  in  the  heavens,  thoti^  ihaX.  fiar  ftt* 
ceed  the  earth  in  magnitude. 

Perfons  whofe  fi^t  is  fhort^  or  Mi^a^ 
cafion,  then»  for  g^afles  which  rqpre&iit  objete>Jift 
nearer ;  fuch  are  concave  kofts.  And  dxatk  mtOSi 
fight  is  long,  or  Prejbkes^  need  ccmxvcx  |^afflce»  wUch 
rqyrcfent  to  them  otjefts at  agrcatcr  diftanoe. 


LETTER  LXXnV. 

Of  apparent  Magnitude^  of  the  Vifual  Angle^  and  ef 

Micr of  copes  in  general 

I  HAVE  been  remarking,  that  Miopes  are  obliged 
to  make  ufe  of  concave  glaffes  to  aifift  their  vifion 
of  diftant  obje6ls,  and  that  Prefiites  employ  convex 
glafl'es  in  order  to  a  more  diftinft  vifion  of  fuch  as 
arc  near :  each  fight  has  a  certain  extent,  and  each 
requires  a  glafe  which  fliall  reprefent  objefts  perfeftly^ 
This  diftance  in  the  Miopes  is  very  fmall,  and  in  the 
Prejbites  very  great :  but  there  are  eyes  fo  happily 
conformed,  as  to  fee  nearer  and  more  diftant  objects 
equally  well. 

Ncvcrthelefe,  of  whatever  nature  any  perfon's  fight 
may  be,  this  diftance  is  never  very  fmall :  there  is  no 

•A  fmaH  (liver  coin,  fomcwhat  bigger  than  the  pupil  of  the 
fvc,  in  vahie  the  forty-eighth  part  of acrown. 

Miope 


OF  MICROSCOPES  IN  GENERAL.  ^^^ 

Miope  capable  of  feeing  diftinftly  at  the  diftance  of 
Icfs  than  an  inch ;  you  inuft  have  obferved,  that 
when  the  objecl  is  brought  too  clofc  to  the  eye,  it 
has  a  very  confufed  appearance  ;  this  depends  on  the 
ftni6hire  of  the  organ,  which  is  fuch  in  the  human 
fpecics,  as  not  to  admit  of  their  feeing  objefts  very 
near.  To  infefts,  on  the  contrary,  very  diftant  ob- 
jefts  are  invifible,'  while  they  eafily  fee  fuch  as  are 
nearer.  I  do  not  believe  that  a  fly  is  capable  of  fee- 
ing  the  ftars,  becaufe  it  can  fee  extremely  well  at  the 
diftance  of  the  tenth  part  of  an  inch,  a  diftance  at 
which  the  human  eye  can  diftinguilh  abfolutely  no- 
thing. Tliis  leads  me  to  an  explanation  of  the  mi- 
crofcope,  which  reprefents  to  us  the  finalleft  object 
as  if  it  were  very  great. 

In  order  to  convey  a  juft  idea  of  it,  I  muft  entreat 
you  carefully  to  diftinguifh  between  the  apparent 
and  the  real  magnitude  of  e\^ery  objecl.  Real  mag- 
nitude conftitutes  the  object  of  geometry,  and  is  in- 
variable as  long  as  the  body  remains  in  the  fame 
fi:Ue.  But  apparent  magnitude  admits  of  infinite 
variety,  though  the  body  may  remain  always  the 
fame.  The  ftars,  accordingly,  appear  to  us  extremely 
finall,  though  their  real  nragnitude  is  prodigious,  be- 
caufe we  are  at  an  immenfe  diftance  from  them. 
Were  it  pofllble  to  approach  them,  they  would  ap- 
pear greater,  from  which  you  will  conclude,  that  the 
apparent  magnitude  depends  on  the  angle  formed 
in  our  eyes,  by  the  rays  which  proceed  from  the  ex- 
tremities of  the  objc-vt. 

Let  PC)  Q  (plate  VfL  fg.  i.J  be  the  objccT:  of  vi^ 

fion, 


nks  at 
he  eye" 
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fioD,  which,  if  tlie  ej-e  were  placed  at  A,  would  aj 
pear  under  the  angle  P  A  Q,  called  the  vifual  an^i 
-and  which  indicates  to  us  the  apparent  magniluile  ( 
the  object;  it  is  evident,  on  inlpecting  the  figure 
tliat  the  farther  the  c)'e  Avithdra'n's  from  the  objc^ 
(he  fmaller  this  angit  becomes,  and  that  it  is  poGiblj 
for  llie  greatcft  bodies  to  appear  to  us  under  a  v* 
finall  vifual  angle,  provided  our  diftance  from  thi 
be  very  great,  as  is  the  cafe  with  the  ftars.  But  whea 
the  eye  approaclies  nearer  to  the  obiect,  and  looks 
it  from  B,  it  will  appear  under  the  vifual  angle  P 
which  is  evidently  greater  than  P  A  Q.  Let  the  eye' 
advance  ftill  for\vard  to  C,  and  tlie  vifual  angl$' 
P  C  Q  Is  ftill  greater.  Fartlicr,  tlic  eye  being  placed 
at  D,  the  vilual  angle  will  be  P  D  (^  ;  and  on  advan- 
cing fon,vard  to  E,  the  vifual  angle  will  be  P  E  Q, 
always  greater  and  greater.  The  nearer,  therefore, 
the  eje  approaches  to  the  object,  the  more  the  vi- 
fual angle  increafes,  and  confcquently  Ukewife  the 
apparent  magnitude.  However  fm;Ul  the  objeft  may 
he,  it  is  pfiflible,  therefore,  to  increal'e  it's  apparent 
magnitude  at  pleafure,  you  have  only  to  bring  it  fo 
near  the  eye  as  is  neceffary  to  form  fucli  a  vifual 
angle.  A  fly  near  enough  to  the  eye  may,  of  con- 
fcqucncc,  appear  under  an  angle  as  great  as  an  ele- 
phant at  tlie  diflance  of  ten  feet.  In  a  comparifon 
of  this  fort,,  we  mufl:  take  into  the  account  the  dif- 
lante  at  wliich  we  fuppofe  the  deph.mt  to  be  viewed : 
uiilefs  tliii  is  done,  we  affirm  abfulutely  nothing ;  for 
an  elephant  appears  great  only  when  we  are  not  very 
far  from  it  j  at  tlie  difiance  of  a  mile,  it  would  be 
impolHble, 
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.mpoflihle,  perhaps,  to  diftinguiih  an  elephant  from  a 
pig ;  and,  tranfported  to  the  moon,  he  would  be- 
come abfolutdy  invifible ;  and  I  might  affirm  with 
truth,  that  a  fly  appeared  to  me  greater  than  an  ele- 
phant, if  the  latter  was  removed  to  a  very  confider«- 
able  diftance.  Accordingly,  if  we  would  expreis 
ourfetves  with  preciiion,  we  muft  not  fpeak  of  the 
apparent  magnitude  of  a  body,  without  taking  dif- 
tance likewife  into  the  account,  as  the  fame  body 
may  appear  very  great  6r  very  fmall,  according  as  it*s 
diflance  is  greater  or  lefs.  It  is  very  eafy,  then,  to 
fee  the  fmallefl  bodies  under  very  great  vifual  angles ; 
they  need  only  to  be  placed  very  dofe  to  the  eye. 

This  expedient  may  be  well  enough  adapted  to  a 
fly,  but  the  human  eye  could  fee  nothing  at  too  fmall 
a  diflance,  however  fhort  it's  fight  may  be ;  befides, 
perfons  of  the  he&  fight  would  wifh  to  fee  likewife 
the  finallefl  objeffas  extremely  magnified.  The  thing 
required,  then,  is  to  find  the  means  of  enabling  us 
to  view  an  objeft  diftinftly,  notwithflanding  it's 
great  proximity  to  the  eye.  Convex  lenfes  render 
us  this  fervice,  by  removing  the  image  of  objefts 
which  are  too  near. 

Let  a  very  finall  convex  lens  M  N  be  employed, 
f plate  VILJig.  2.)  the  focal  difbnce  of  which  fhall  be 
half  an  inch ;  if  you  place  before  it  a  fmall  objed 
O  P,  at  a  diflance  fomewhat  leis  than  half  an  inch, 
the  lens  will  reprefent  the  image  of  it  ^  ^,  as  far  off" 
as  could  be  wifhed.  On  placing  the  eye,  then,  be- 
hind the  lens,  the  objeft  will  be  feen  as  if  it  were  at 
9y  and  at  a  fufficient  diflance,  as  if  it's  magnitude 

Vol.  II.  Z  were 
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were  if :   ts  the  ejx  is  fuppofcd  very  near  the  lens. 
the  angJe  M-ill  he  f  t  c,  that  is  the  fame  as 

P  t~Q,  ui  a-  wliich  the  naked  eye  would  fee  the  ob- 
jeft  O  P  i  that  proximity  ;  but  tJie  vifion  is  become 
diftinft  by  nicans  of  tJie  lens  :  fuch  is  the  principle 
which  microfcopesareconftrucled. 


H    LXXXV. 
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Efi,  ".      ')bje£li  viewed  throttgb 

WHEN  fcvcral  pcrfons  view  the  fame  object 
tlirough  a  microfcopc,  the  foot  of  a  fly,  for 
example,  they  all  agree  that  tliey  fee  it  greatly  mag- 
nified, but  their  judgment  rcfpefting  the  real  mag- 
nitude will  vary  :  one  will  {ay,  it  appCaxs  to  bim  as 
large  as  that  of  a  horfe ;  another,  as  that  of  a  goat; 
a  third,  as  that  of  a  cat.  No  one,  then,  advances  aity 
thing  positive  on  the  fubje^,  unlefs  be  adds,  at  whu 
diftance  he  views  the  feet  of  the  horfe,  the  goat,  or 
the  cat.  They  all  mean,  therefore,  without  expreffisg 
it,  a  certain  diftance  which  is  undoubtedly  difiertst ; 
confcquently  there  is  no  reafon  to  be  fujiprized  at  the 
variety  of  the  judgments  which  they  pronounce,  as 
the  foot  of  a  horle,  viewed  at  a  diftance,  may  very 
well  appear  no  bigger  than  that  of  a  cat,  viewed  neaf 
to  tlie  eye.  Accordingly,  when  the  queftion  is  to  be 
decided,  How  much  does  the  microfcope  magnify  an 
objeft  I  we  muft  accuftom  ourfelves  to  a  more  accu- 
rate 
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rate  mode  of  expreflion,  and  particularly  to  fpedfy 
the  diftance,  in  the  comparifon  which  we  mean  to 
inilitute. 

It  is  improper,  therefore,  to  compare  the  appear^ 
ances  prefented  to  us  by  the  microfcope,  with  objeds 
of  another  nature,  which  we  are  accuftomed  to  view 
fometimes  near,  and  fometimes  at  a  dillance.    The 
moft  certain  method  of  regulating  this  eftimation 
feems  to  be  that  which  is  actually  employed  by  authors 
who  treat  of  the  microfcope«     They  compare  a  fmall 
objeft  viewed  through  the  microfcope  with  the  ap'* 
pearance  which  it  would  prefent  to  the  naked  eye, 
on  being  removed  to  a  certain  diftance ;  *  and  they 
have  determined,  that,  in  order  to  contemplate  fuck 
finall  objeft  to  advantage  by  the  naked  eye,  it  ought 
to  be  placed  at  the  diftance  of  eight  inches,  which  is 
the  fiandard  for  good  eyes,  for  a  fhort-lighted  perfon 
would  bring  it  clofer  to  the  eye,  and  one  far-fighted 
would  remove  it.     But  this  difierence  does  not  affeft 
the  reafbning,  provided  the  regulating  diftance  be 
fettled;  and  no  reafon  can  be  afligned  for  fixing  on 
any  other  diftance  than  that  of  eight  inches,  the  di& 
tance  received  by  all  authors  who  have  treated  of  the 
fttbjeft.    Thus,  when  it  is  faid  that  a  microfcope  mag- 
nifies the  objed  a  hundred  times,  you  are  to  under- 
ftand  that,  with  the  ailiftancc  of  fuch  microfcope,  ob- 
jeds  appear  a  hundred  times  greater  than  if  viewed 
at  the  diftance  of  eight  inches,  and  thus  you  will 
form  a  juft  idea  of  the  efFeft.of  a  microfcope. 

In  general,  a  microfcope  magnifies  as  many  times 
as  an  objed  appears  larger  than  if  it  were  viewed 

Z  2  without 
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underitood  that  all  the  three  dimenfioni,  j 

ngth,  breadth,  and  depth  arc  rcprcfented  ' 

;  greater.      If  then  a  microfcope  ihould  ' 

ooo  times,  the  whole  extent  ot  the  objeft  i 

b<  ome   looo  times  looo  times  tozo  timet  l 

;        hich  makes  iooo,ooo,oor,  or  a  thou&il4J 

I       a  molt  ailonifliing  effect!    This  remark  M 

z&xry  "■"  the  formation  of  a  juft  idea  of  whatftri 

^  he  power  of  ;  lici'ofcopes. 


LXSXVI. 

Fuiidarm  -  /At'  Conjlru^ion  of  \ 

Mkrojcopes,  \  ojj'ome  Simple  Microfcofts. 

HAVING  explained  in  what  manner  we  are  en- 
abled to  judge  of  the  power  of  microfcopes, 
it  will  be  eafy  to  unfold  the  fundamental  principle 
for  the  conftruftion  of  fimple  microfcopes.  And 
here  it  may  be  neceflary  to  reiparkj  that  there  are 
two  kinds  of  microfcopes  j  fome  confiding  of  a  fmgle 
lens,  others  of  two  or  more,  named,  accordin^y, 
fimple  or  compound  nucrofcoprs,  and  which  require 
particular  elucidations.  I  fliall  confine  myfelf,  at 
prefent,  to  the  fimp!e  microfcope,  wliich  confifts  of  a 
jingle  convex  lens,  the  effeft  of  which  is  determined 
by  the  following  propofition  :  A  ftmple  mkrif cope  mag- 
nifies as  many  times  as  it's  focal  dijiance  is  nearer  than 
eight  inches.     The  demonftration  follows. 

Let  M  N,  C?^<*'s  ^^f-  ft%-  4- J  be  a  convex  lens, 
whofe  focal  diftance,  at  which  the  obje<a:  OP  mtift 

be 
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tae  pbiced  nearly,  in  order  that  the  eye  may  (be  it 
diftindly,  (hall  be  C  O ;  this  obje<ft  will  be  perceived 
under  the  angle  O  C  P.  But  if  it  be  viewed  at  the  ' 
diftance  of  eight  inches,  it  would  appear  under  an 
angle  as  many  times  fmaller  as  the  diftance  of  eight 
inches  furpaffes  the  diftance  C  O :  the  objeA  will  ap- 
pear, therefore,  as  many  times  greater  than  if  it  were 
viewed  at  the  diftance  of  eight  inches.  Now,  in  con- 
formity to  the  rule  already  eftabliftied,  a  microfcope 
magnifies  as  many  times  as  it  prefents  the  objed 
greater  than  if  we  viewed  it  at  the  diftance  of  eight 
inches.  Confequently  a  microfcope  magnifies  as 
many  times  as  it's  focal  diftance  is  lefs  than  eight 
inches.  A  lens,  therefore,  whofe  focal  diftance  is  an 
inch,  will  magnify  precifely  eight  times ;  and  a  lens 
whofe  focal  diftance  is  only  half  an  inch,  will  magnify 
fixteen  times.  The  inch  is  divided  into  twelve  parts, 
called  lines  ;  half  an  inch,  accordingly,  contains  &x, 
Unes;  hence  it  would  be  eafy  to  determine  how 
many  times  every  lens,  whofe  focal  diftance  is  given 
in  lines,  muft  magnify ;  according  to  the  following 

taUe: 

Focal  diftance  of  the  lens  in  lines. 

12.  8.     6.     4*     3.     2.     1.       I  lines 
maghifies  8.  12.  i6.  24.  32.  48.  96.  192  times 

Thus  a  convex  lens,  whofe  focal  diftance  is  ^  one 
line,  magnifies  ninety-fix  times,  and  if  the  diftance 
be  half  a  line,  the  microfcope  will  magnify  one  hun- 
dred and  ninety-two,  that  is  near  two  hundred  times. 
Were  greater  eflfeft  ftill  to  be  defired,  knfes  muft  be 
conftruded  of  a  ftill  fmaller  focus.    Now,  it  has  been 

Z  4  TiJatraA:^ 
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already  remarked  that,  in  order  to  conftruft  a  lens 
of  any  certain  given  focus,  it  is  only  neceffary  to 
make  the  radius  of  each  face  equal  to  that  focal  dif- 
tance,  fo  that  the  lens  may  become  equally  convex 
on  both  fides.  I  now  proceed,  then,  to  place  before 
you  Cpljte  Vll.Jig.  $.)  the  form  of  I'ome  of  tbefelenfcs 
or  microfcopes. 

I.  The  focal  diftance  of  this  lens  A  O  is  one  ioch  or 
twelve  lines.  This  microfcope,  therefore,  magnifies 
eight  times. 

II.  The  focal  diftance  of  the  lens  M  N  is  dght  lines. 
This  microfcope  magnifies  twelve  times. 

III.  The  focal  diilance  of  the  lens  M  N  is  fix  lines. 
This  microfcope  magnifies  fixteen  times. 

iV.  Tlie  focal  diltauce  of  this  lens  is  four  lines; 
and  fuch  a  microfcope  magnifies  twenty-four  times. 

V.  The  focal  diftance  here  is  three  fines.  This  nu- 
crc^^ope  magnifies  thirty-two  times. 

VI.  The  focal  diftance  here  is  two  lines.  Thta  mi. 
crofi;ope  magnifies  forty-dght  times. 

VII.  The  focal  diftance  of  this  lens  is  only  one  line  \ 
and  fuch  a  microfcope  minifies  ninety-fix  times. 

It  is  poJIible  to  conftru^  microfcopes  ftill  much 
foialler.  They  are  actually  executed,  and  much  more 
confiderable  tSc€ts  are  produced ;  whence  it  muft  be 
cirefiilly  remarked,  that  the  diftance  of  the  objed 
lirom  the  glals  becomes  fmaller  and  fmaller,  as  it  muft 
be  nearly  equal  to  the  focal  diftance  of  the  lens.  I 
fey  nearly^  as  every  eye  brings  the  glafs  dofer  to  it, 
fomewhat  more  or  lels,  according  to  it's  formation ; 
the  {hort'fighted  apply  it  dofer,  the  f^r-fighted  lefi 
fo.    You  perceive  then,  that  the  efied  is  greater,  as 

the 
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the  microfcope  or  lens  become  fmaller,  and  the  doier 
Ukewife  the  object  muft  be  applied ;  this  is  a  very 
great  inconvenience,  for,  on  the  one  hand,  it  }» 
troublefome  to  look  through  a  glafs  fo  very  {ball, 
and,  on  the  other,  becaufe  the  object  muft  be  placed 
(b  near  the  eye.  Attempts  have  been  made  to  re- 
medy this  inconvenience,  by  a  proper  mounting, 
which  may  facilitate  the  ufe  of  it ;  but  the  vifion  of 
the  object  is  coniiderably  difturbed,  as  foon  as  the 
diftance  of  it  undergoes  the  flighteft  change :  and  as 
in  the  cafe  of  a  very  fmall  lens,  the  objed  muft  almoft 
touch  it,  v^henever  the  furface  of  the  objed  is  in  the 
leaft  degree  unequal,  it  b  feen  but  confufedly.  For, 
while  the  eminences  are  viewed  at  the  juft  diftance, 
the  cavities  being  too  far  removed,  muft  be  feen  very 
confufedly.  This  renders  it  neceilary  to  lay  afide 
fimple  microfcopes,  when  we  wilh  to  magnify  very 
coniiderably,  and  to  have  recourfe  to  the  compound 
microfcope. 

zbib  January^  176a. 
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Bounds^  and  DefeSs  of  the  Simple  Microfcope. 

YOU  have  now  feen  how  fimple  microfcopes  may 
be  conftru^ted,  which  fhall  magnify  as  many 
time%  as  may  be  defired ;  you  have  only  to  meafure 
off  a  ftraight  line  of  eight  inches,  like  that  which  I 
have  marked  A  B,*  (plate  Vll.fig.  6.  J  which  contains 

*  It  being  impoflible  here   to  prcfcnt  a  ftraight  line  of  dgU 
inches,  one  of  four  is  employed  for  the  purpofe  of  demonftratiottl- 
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I  mull  entreat  you,  then,  to  rccoUecl  what  I  have 
already  fuggefted  refpeiftiiig  the  ufe  of  the  pupil,  or 
that  black  aperture  which  we  fee  in  the  eye  at  the 
middle  of  the  iris.  It  is  through  tlus  aperture  that 
the  rays  of  light  are  admitted  into  the  eye;  accord- 
ingly,  the  larger  this  aperture  is,  the  more  rays  are 
admitted.  We  muft:  here  confider  two  cafes,  in  which 
objefts  are  very  luminous  and  brilliant,  and  in  whidl 
they  are  illuminated  by  only  a  very  faint  light.  In 
the  firft,  the  pupil  contraAs  of  itfelf,  without  any  aft 
of  tlie  will,  and' the  Creator  has  bellowed  on  it  thi» 
faculty,  in  order  to  preferve  the  interior  of  the  eye 
from  the  too  dazzling  effect  of  light,  which  would 
infallibly  injure  the  nerves.  Whenever,  therefore, 
we  are  expofed  to  a  very  powerful  light,  we  obferve  ■ 
that  the  pupil  of  every  eye  contraifls,  to  prevent  the 
admiflion  of  any  more  rays  into  the  eye  than  are  nci 
ceSary  to  paint  in  it  an  image  fufficiently  lununous. 
But  the  contrary  takes  place  when  we  are  in  the  darkj 
the  pupil,  in  that  cafe,  expands  to  admit  the  light  in 
a  greater  quantity.  This  change  is  eafily  perceptible 
every  time  we  pais  from  a  dark  to  a  luminous  fitua^ 
tion.  With  refpeft  to  the  fubje^  before  us,  I  confine 
myfelf  to  this  circumflance,  that  the  more  rays  d 
light  are  admitted  into  the  eye,  the  more  luminous 
will  be  tlie  image  tranfmitted  to  the  retina,  and  vcr 
ciprocally,  the  fmaller  the  quantity  of  rays  whidi 
enter  the  eye,  the  fainter  does  the  image  become,  and 
confequently  the  more  obfcure  does  it  appear.  It 
may  happen,  that  though  the  pupil  is  abundantly  ex* 
panded,  a  few  rays  only  fliall  be  admitted  into  th? 

eye. 


eye.  You  have  only  to  prick  a  little  hole  in  a  card 
with  a  pin,  and  look  at  an  objeA  through  it;  and 
then,  however  ftrongly  illuminated  by  the  fun,  the 
obged  will  appear  dark  in  proportion  as  the  aperture 
is  fixiall,  nay,  it  is  poifible  to  look  at  the  fun  itfelf, 
employing  this  precaution.  The  reafon  is  obvious, 
a  fiew  rays  only  are  admitted  into  the  typ :  however 
expanded  the  pupil  may  be,  the  pin-hole  in  the  card 
determines  the  quantity  of  light  which  enters  the 
eye,  and  not  the  pupil,  which  ufually  performs  that 
fundion. 

The  fame  thing  takes  place  in  the  microfcopes 
which  magnify  very  much ;  for  when  the  lens  is  ex- 
tremdy  fmall,  a  very  few  rays  only  are  tranfmitted,' 
2Amn  (plate  VILJig.  8.)  which  being  fmaller  than 
the  aperture  of  the  pupil,  make  the  objeA  appear 
to  much  more  obfcure ;  hence,  it  is  evident,  that  this 
diminution  of  light  takes  place  only  when  the  lens 
M  N,  or  rather  it*s  open  part,  is  fmaller  than  the 
pupil.  If  it  were  poflible  to  produce  a  great  magni- 
fying  effeft  by  means  of  a  greater  lens,  this  obfcurity 
would  not  t^e  place ;  and  this  is  the  true  folution  of 
the  queftion.  In  order  to  remedy  this  inconveni- 
ence, in  the  great  effecb  of  the  microfcope,  care  is 
taken  to  illuminate  the  objed  as  ftrongly  as  poffible, 
to  give  greater  force  to  the  few  rays  which  are  con- 
veyed into  the  eye.  To  this  cfFeft  objefts  are  illu- 
minated  by  the  fun  itfelf,  mirrors  likewife  are  em- 
fdoyed,  which  refleft  on  them  the  light  of  the  fun. 
Thefe  are,  nearly,  all  the  circumftances  to  be  con- 
fidered  refpecting  the  fimple  microfcope,  and  by  thefe 

you 
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you  will  eafily  ^orm  a  judgment  of  the  eflfeft 
thoie  which  you  may  have  occafion  to  inlped. 

^Otbyamtay^  X762* 

LETTER    LXXXVm. 

Qn  Tele/copes^  and  their  Effeit. 

TD  EFORE  I  proceed  to  explain  the  conftruSion  of 
-^^  compound  microlcopes,  a  digreflion  re^pefting 
the  telefcope  may  perhaps  be  acceptable.  Thefe  two 
inftruments  have  a  very  intimate  connexion :  the 
one  greatly  aflifts  the  elucidation  of  the  other.  M 
microfcopes  fervc  to  aid  us  in  contemplating  nearer 
objecb,  by  reprefenting  them  under  a  much  greater 
angle  than  when  viewed  at  a  certain  diftance,  lay 
eight  inches ;  fo  the  telefcope  is  employed  to  aflift 
our  obferv'ation  of  very  diftant  objects,  by  repre- 
fenting them  under  a  greater  angle  than  that  which 
they  prefcnt  to  the  naked  e^^e.  Inftruments  of  this 
fort  are  known  by  feveral  names,  according  to  their 
fize  and  ufc  ;  but  they  muft  be  carefully  diftinguifhed 
from  the  glaiTcs  ufed  by  aged  perfons  to  relieve  the 
decay  of  fight. 

A  telefcope  magnifies  as  many  times  as  it  repre- 

fcnts  objects  under  an  angle  greater  than  is  prefented 

to  the  naked  eye.     The  moon,  for  example,  appears 

to  the  naked  eye  under  an  angle  of  half  a  degree, 

aiiicquendy,a  telefcope  magnifies  one  hundred  times, 

it  reprefcnts  the  moon  under  an  angle  of  fifty 

which  is  one  hundred  times  greater  than 

,  half 
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half  a  degree.  If  it  magnified  two  hundred  times,  it 
would  reprefent  the  moon  under  an  angle  of  one 
hundred  degrees :  and  the  moon  would,  in  that  cafe, 
appear  to  fill  more  than  half  of  the  vifible  heavens, 
whofe  whole  extent  is  only  one  hundred  and  eighty 
degrees. 

In  common  language,  we  fay  that  the  telefcope 
brings  the  objecl  nearer  to  us.     This  is  a  very  equi- 
vocal mode  of  .expreilion,  and  admits  of  two  different 
lignifications.     The  one,  that  on  looking  through  a 
telefcope,  we  confider  the  objecl  as  many  times  nearer 
as  it  is  magnified.    But  I  have  already  remarked, 
th^t  it  is  impodible  to  know  the  diftance  of  objects 
but  by  actual  meafurement,  and  that  fuch  meafure- 
inent  can  be  applied  only  to  objeds  not  greatly  re- 
mote ;  when,  therefore,  they  are  fo  remote  as  is  here 
fu{^o£ed,  the  eftimation  of  diftance  might  greatly 
miflead  us.     The  other  fignification,  which  conveys 
the  idea,  that  tclefcopes  reprefent  objeAs  as  great  as 
they  would  appear,  if  we  approached  nearer  to  them, 
is  more  conformable  to  truth.     You  know  that  the 
nearer  we  come  to  any  objcft,  the  greater  becomes 
the  angle  under  which  it  appears  ;  this  explanation, 
accordingly,  reverts  to  that  with  which  I  fet  out. 
When,  however,  we  look  at  well-known  objects,  fay 
men,  at  a  great  diftance,  and  view  them  through  a 
telefcope  under  a  much  greater  angle,  we  are  led  to 
imagine  fuch  men  to  be  a  great  deal  nearer,  as,  in 
that  cafe,  we  would,  in  effect,  fee  t  Jicm  under  an  angle 
io  much  greater.     But  in  examining  objcfts  lefs  ap- 
proachable, fuch  as  the  fun  and  moon,  no  meafure- 
ment 
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ment  of  diftance  can  take  place.  This  cafe  is  en- 
tirely different  from  that  which  I  have  formerly  fub- 
mitted  to  you,  that  of  a  concave  lens,  employed  by 
near-fighted  perfons,  which  reprcfents  the  images  of 
objcfts  at  a  very  fmall  diflance.  The  concave  Ien» 
which  I  ufe,  for  example,  reprefents  to  me  the  images 
of  all  remote  objcfts,  at  the  diftaiice  of  four  inches  j 
it  is  impoffible  for  me,  however,  to  imagine  that  the 
fun,  moon,  and  Itars  are  fo  near  ;  accordingly  we  do 
not  conclude  that  objsfts  are  where  their  images  are 
found  rcprefcntcd  by  glafTes :  we  believe  this  as  little 
as  we  do  the  cxlflence  of  objects  in  our  eyes,  though 
their  images  are  painted  there.  You  will  pleafe  to 
recoUecl  that  the  eftimation  of  the  real  diflance,  and 
real  magnitude  of  objects,  depends  on  particular  cir- 
cumftances. 

The  principal  end  of  telefcopes,  then,  is  to  increafe, 
or  multiply,  the  angle  under  which  effects  appear  to 
the  naked  eye;  and  the  principal  divifion  of  telefcopes 
is  eftimatcd  by  the  effeift  which  they  procure.  Ac- 
cordingly we  fay  fuch  a  telefcope  magnifies  five,  ano- 
ther ten,  another  twenty,  another  thirty  times,  and  . 
fo  on.  And  here  1  remark  that  pocket-glafles  rarely 
magnify  beyond  ten  times ;  but  the  ufual  telefcopes 
employed  for  examining  very  diftant  terreftrial  ob- 
jefts  magnify  from  twenty  to  thirty  times ;  and  their 
length  amounts  to  fix  feet  or  more.  A  fimilar  efieft, 
though  very  confiderable  with  regard  to  terreflxid 
objects,  is  a  mere  nothing  with  refpcft  to  thft  hea- 
venly bodies,  which  require  an  effeft  inconcavaUT' 
greater.  We  have,  accordingly,  afironomical  tele- 
fcopes. 
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icdpes,  which  magnify  from  fifty  to  tw>  hundred 
tinnes ;  and  it  would  be  difficult  to  go  farther,  as  ac- 
cording to  the  ufual  mode  of  conflruding  them,  the 
greater  the  effeft  is,  the  longer  they  become.  A  te- 
lefcope  that  fliall  minify  one  hundred  times  muft  be 
at  leafl  thirty  feet  long ;  and  one  of  a  hundred  feet- 
in  kngith  could  fcarcdy  magnify  two  hundred  times. 
You  muft  be  fenfible,  therefore,  that  thfe  difficulty  of 
pointing  and  managing  fuch  an  unwieldy  machine*, 
muft  oppofe  infurmbuntable  obftacles  to  pufliing  the 
experiment  farthef.  The  famous  ttevelius,  the  aftro- 
xiomer  at  Dantzidc,  employed  telefcopes  two  hundred 
feet  long ;  but  fuch  inftruments  muft,  undoubtedly, 
liave  beeta  very  defeftive,  as  the  fame  things  are  now 
difcovered  by  inftruments  much  fhorter. 

This  is  a  brief  general  defcription  of  tddfcopes^ 
and  of  the  diflferent  kinds  of  them,  which  it  is  of  im- 
portance carefully  to  remark,  before  we  enter  into  a 
detail  t)f  their  c6riftru<EHon,  and  of  the  manner  in 
which  two  or  more  Ichfcs  are  united,  in  order  to 
j)roduce  all  the  different  effefts, 

^d  February y  1762. 
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Of  PockeuGlaJcs. 


*%  TT  7E  have  no  certain  information  rcfpecling  the 

^         perfbn  to  whom  we  are  indebted  for  the  dif- 

covery  of  the  telefcope  ;  whether  he  were  a  Dutch 

artift,  or  an  Italian  of  the  name  of  Port  i.     Whoever 

Vol.  11.  A  a  Ik-. 
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wOl  fee  the  objed  diiiindty.  Therays  ftS,  R^bei^ 
come  exa£Uy  parallel  to  each  other,  becauib  the  con* 
cave -lens-  ba^i^*ii*K>cus,  or  rather  it's  point  of  difpeN 
fion^at  F.  *•• 

You  have  only  to.  recoUeft^'tib 
rays  fall  on  a  concave  lens^  1^fy^r^0a0kjSfis^Sii 
by  refraction,  fo  that  being  prRnrod  backward;  they 
meet  in  the  fo6us.    This  being  laid  down,  we  have 
only  to  r^erfc the; cafe, «ad4o't9nfiderdie-r«ys SRy  ^ 
SR)  aslalling  onthe  concave  Idnsj.  in.  this  cafe  it  jt^ — 
certain  tjiey  would  affiime  the  diredions  RQ,  RQ, 
which,  produced  backward,  would  meet  in  the  pcSnt 
F,  which  is  the.  common  focus  of  the  conoraac  jitacd 
concave  lenfes.    Now  it  is  a  general  law,  tlut  In 
whatever  manner  rays  arc  refrafted  in  their  paflage 
from  one  place  to  another,  they  muft  al^^'ays  undergo 
the  fame  refraftions  in  returning  from  the  laft  to  the 
firft.     If,  therefore,  the  refrafted  rays  R  Q,  R  Q,  cor- 
rcfpond  to  the  incident  rays  SR,  SR;  then^  recipro- 
cally, the  rays  Q  R,  Q  R,  being  the  incident^  the  re- 
frafted rays  will  be  RS  and  RS. 

The  matter  will,  perhaps,  appear  In  a  clearer  light 
ftill,  when  I  fay,  that  concave  lenfes  have  the  power 
of  rendering  parallel  thofe  rays  which,  witliout  the 
rcfraftion,  would  proceeid  to  their  focus.  You  will 
pleafe  carefully  to  attend  to  the  following  laws  of 
rcfraftion,  which  apply  to  both  convex  and  concaye. 
lenfes. 

I.  By  a  convex  lcn&  (p/ate  VIL  fig.  ii.)  parallel 
rays  arc  rendered  convergent. 

Convergent 


^^ 


T^^ 


Tiff- 


m     :  JV 


B     X P  p 

I  O 


G^       H 


I— J  »  i4i*  Hf»  ^«  As-  2(»  '# 


3£    mj 


ir  * 


-?tfi^- 


«^ 


l^Ji 


.   OF  POCKET  GLASSES.  357 

Convergent  rays  become  ftill  more  foj  (jlate  VIIL 
fig.  1.)  and  divergent  leis  divergent. 

n.  By  a  concave  lens  parallel  rays  are  rendered 
divergent.     {Plate  VIIL  Jig.  2.) 

Divergent  rays  become  ftill  more  divergcnt,^^.  3. 
and  convergent  rays  lefs  convergent. 

All  this  is  founded  on  the  nature  of  refradion,  and 
the  figure  of  the  lenfes,  the  difcuflion  of  which  would 
require  a  very  long  detail ;  but  the  two  rules  whioh 
I  have  now  laid  down,  contain  all  that  is  eflential. 
It  is  abundantly  evident,  then,  that  when  the  convex 
and  the  concave  lenfes  are  fo  combined,  that  they 
acquire  a  common  focus  at  F,  they  will  diftincUy  re- 
preient  diftant  objects,  becaufe  tlie  paralldifm  of  the 
rays  is  rcftored  by  the  concave  lens,  after  tlie  con- 
vex lens  had  rendered  them  convergent.  In  other 
words,  the  rays  of  very  diftant  objefts,  being  nearly 
parallel  to  each  other,  become  convergent  by  a  con- 
vex lens^  and  afterwards,  the  concave  lens  deftroys 
this  convergency,  and  again  renders  the  rays  parallel 
t^Q  eacli  other. 

6tb  Ftbruaiy^  1 762. 


'^®-::-*-i 


LETTER    XC. 

On  the  magnifying  Power  of  Pocket  Glajfcs 

ilE  principal  article  refpefting  telefcopical  in- 
ftruments,  remains  ftill  to  be  explained,  namely, 
their  effeft  in  magnifying  objects.  I  hope  to  place 
this  in  fo  clear  a  light,  as  to  remove  every  difficultyr 
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in  which  the  fubjeft  may  be  involved ;  and  for  this 
purpofe  I  fliall  comprize  what  I  have  to  fay,  in  the 
following  propofitions. 

I.  Let  Ee  (plate  VIU.  fig.  4.)  be  the  objea,  Gtu- 
ated  on  the  axis  of  the  inftrument  which  paffes  per- 
pendicularly through  both  Icnfes  in  their  centres. 
This  objc^  E  e  muft  be  confidered  as  at  an  infinite 
cUftance. 

II.  If  then  the  eye,  placed  at  A,  looks  at  this  ob- 
jccV,  it  will  appear  under  the  angle  E  A  <?,  called  it's 
vifual  angle.  It  will,  accordingly,  be  neceflary  to 
prove,  that  on  looking  at  the  fame  objed  through 
tlic  glals,  it  will  appear  under  a  greater  angle,  and 
exactly  as  many  times  greater  as  the  focal  diftance 
of  the  objective  lens  PAP  exceeds  that  of  the  ecu- 
Ur  QBQ. 

HI.  As  the  effcA  of  all  lenfes  conlifts  in  reprefent- 
ing  the  obj^fts  in  another  place,  and  wkh  a  certain 
magnitude,-  we  have  only  to  examine  the  images 
which  fliall  be  fucceffively  reprefented  by  the  two 
lenfes,  the  laft  of  which  is  the  immediate  objeA  of 
the  fight  of  the  pcrfon  who  looks  through  the  in- 
ftrumcnt. 

IV.  Now,  tlie  objed  E  e  being  infinitely  diflant 
from  the  convex  lens  PAP,  it's  image  will  be  reprer 
fented  behind  the  lens  at  F/,  fo  that  AF  fliall  be 
equal  to  the  focal  diftance  of  the  lens  ;  and  the  mag- 
nitude of  this  image  F/is  determined  by  the  flralght 
line /A  f  drawn  from  the  extremity  of  the  objcft  ? 
thrbugh  the  centre  of  the  lens  A,  by  which  we  fee 
that  this  image  is  inverted,  and  as  many  times  fmaller 

than 
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than  the  object,  as  the  diftance  AF  is  fmaller  than 
the  diftance  AE. 

V.  Again,  this  image  Vf  holds  the  place  of  the 
i>bjeft,  relatively  to  the  ocular  lens  OBQ:  as  the 
rays  which  fall  on  this  lens  are  precifcly  thofe  which 
■would  almoft  form  the  image  Yf,  but  are  intercepted 
in  their  progrcfs  by  the  concave  lens  QBQ ;  fo  that 
this  image  is  only  imaginary ;  the  effect,  however, 
IS  the  fame  as  if  it  were  real. 

VI.  This  image  F/,  whicli  we  arc  now  confider- 
ing  as  an  objeft,  being  at  the  focal  diftance  of  the 
lens  Q  BQ,  will  be  tranfportcd,  almoft  to  infinity,  by 
tbe  rcfraiftion  of  this  lens.  The  preceding  figure 
marks  this  new  image  at  G^,  whofe  diftance  AG 
muft  be  conceived  as  infinite,  and  the  rays,  refrafted 
a  fecond  time  by  the  lens  QBQ,  will  purfue  the 
lame  direction  as  if  they  aftually  proceeded  from  the 
image  G^. 

VII.  This  fecond  image  G  ^  being,  then,  the  ob- 
jeftof  theperfon  who  looks  through  the  inftrumcnt, 
it's  magnitude  falls  to  be  confidcrcd.  To  this  effiaS, 
as  it  is  produced  by  the  firft  image  F/  from  the  re- 
fraffion  of  the  lens  QBQ,  following  the  general 
rule,  we  have  only  to  draw  through  the  centre  of 
the  lens  B  a  ftraight  line,  which  fliall  pafs  through 
the  point/  of  the  firft  image,  and  that  line  will  mark, 
at  gt  the  extremity  of  the  fecond  image, 

VIII.  Let  the  fpeclitor  now  apply  his  eyetQ^j 
and  as  the  r.iys  whicli 
re£Hon  as  if  they  ai^iually  i 
G^,  it  >vill  appease  3 
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^hich  18  greater  than  the  an{^  ^A^»  Wider  wlikl^ 
the  obje£t  E^  appears  to  the  naked  0Bft* 

IX.  In  order  the  better  to  compaie  thefe  fm^ 
SDiglqs^  it  18  evident,  firft,  that  the  angle  £ A,^  la  eqnal 
to  the  angle  FA/,  being  vertical  an{^;  ftr  1^ 
iame  reafbn  the  angle  GB^  is  equal  to  the  ang^ 
FB/,  being  vertical  and  oppofite  at  the  pQin(.^:  jb 
rjgqpains  to  be  proved,  therefoi^  thai  the^JOgf^ 
FB/  exceeds  the  an^  FA/  as  many  tinvs  as;  the; 
line  AF  eipceeds  the  line  B/;  the  foriner  of  which, 
AF,  is  the  focal  difiance  of  the  objedive,  an4  thp 
other,  BF,  the  focal  djifiance  of  the  ocular. 

X.  In  order  to  demonlbrate  this,  we  muft  have  re* 
Cpurfe  to  certain  g^metrical  propofitions  reQiediog 
the  nature  of  fedors.  You  will  recoiled  that  the; 
ibdor  is  part  pf  a  drde  contsuned  between'twp  radii 
CM  and  CN,  and  an  arch  or  portion  of  the  circum* 
ferencc  MN.  In  a  fector,  then,  there  are  three  things 
to  be  confidered ;  i .  The  radius  of  the  circle,  C  M 
or  CN :  2.  The  quantity  of  the  arch  MN :  3,  The 
angle  MCN. 

Xi.  Let  us  now  confider  two  feftors,  MCN  and 
mc?i  (plate  VIIL  Jig.  5. J  whofe  radii  CM  and  cm 
are  equal  to  each  other  :  now  it  is  demonftrated  in 
the  elements  of  geometry,  that  the  angles  C  and  c 
have  the  fame  proportion  to  each  other,  that  the 
arches  MN  and  ;;;  n  have ;  in  other  words,  the  angle 
C  is  as  many  times  greater  than  the  angle  r,  as  the 
arch  MN  is  greater  than  the  arch  ?n  n :  but,  inftead 
of  this  aukward  mode  of  exprefiion,  we  fay,  that 

the 
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the  angles  C  and  c  are  proportional  to  the  arches 
MN  and  m  n^  the  radii  being  equal. 

XII.  Let  us  likewifc  confider  two  feftors,  MCN 
and  men  (Jig^  6.  J  whofe  angles  C  and  c  are  equal 
±o  each  other,  but  the  radii  unequal :  and  it  is  de- 
monfirated  in  geometry,  that  the  arch  MN  is  as 
many  times  greater  than  the  arch  m  n^  as  the  radius 
OM  IS  greater  than  the  radius  c  m :  or^  in  geome- 
trical  language,  ths  arches  are  in  proportion  to  the 
radii,  the  angles  being  equal.  The  reafon  is  obvious ; 
for  every  arch  contains  as  many  degrees  as  it's  angle ; 
and  the  degrees  of  a  great  circle  exceed  thofe  of  a 
ijEnall  one  as  many  times  as  the  greater  radius  ex- 
ceeds the  fmaller. 

Xni.  Finally,  let  us  confider  likewife  the  cafe  when, 
as  in  the  two  feftors  MCN  and  men  (Jig.  y.)  the 
arches  MN  and  m  n  are  equal,  but  the  radii  CM  and 
€  m  unequal. 

In  this  cafe,  the  angle  C,  which  correfponds  to  the 
greater  radius  CM,  is  the  fmaller,  and  the  angle  c^ 
which  correfponds  to  the  fmaller  radius  c  m^  is  the 
greater,  and  this  in  the  fame  proportion  as  the  radii. 
That  is,  the  angle  r  is  as  many  times  greater  than 
the  angle  C,  as  the  radius  CM  is  greater  than  the 
radius  em:  or,  to  fpeak  geometrically,  the  angles 
are  reciprocally  proportional  to  the  radii,  the  arches 
being  equal. 

XIV.  This  laft  propofition  Carries  mc  forward  to 
my  condufion,  after  i  have  fubjoined  this  remark, 
that  when  the  angles  arc  very  fmall,  as  in  the  cafe 
of  pocket-glaffes,  there  is  no  fenfible  difference  in  the 

chords 
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cbords  of  the  arches  MN  and  m  n,  that  ii  of  die 
ftraight  lines  MN,  and  m  n. 

XV.  Having  made  this  remark,  we  return  to/g.  4. 
'I'he  triangles  FA/  and  FB/  may  be  conlidercd  at 
fcttors,  in  which  the  arch  F/  is  the  fame  in  both. 
Confia^uently  t!ie  angle  FB/ exceeds  the  angle  FA_ 
as  often  as  the  diftance  AF  exceeds  the  diftince  BE, 
Tint  is,  the  object  E  e  will  appear  through  the  in* 
ftrument,  under  an  angle  as  many  times  greater  as 
the  focal  diftance  of  the  objective  AF  exceeds  the 
focal  diibnce  of  the  ocular  BF;  which  was  the  thing 
to  be  demonftrated. 

e/i  Fcbtucay,   1761. 
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I^TTER    XCI. 
Dcfcas  of  Pocket  Glqf-s.     Of  the  apparent  Field. 

YOU  muft  be  fenfible  that  no  great  advantage  ia 
to  be  expefted  from  fuch  fmall  inftruraents  ) 
and  it  has  already  been  remarked  that  they  do  not 
magnify  objefts  above  ten  times.  Were  the  effeA 
to  be  carried  farther,  not  only  would  the  length  be- 
come too  great  to  admit  of  their  Iieing  carried  about 
in  the  pocket,  but  they  would  become  fubjeft  to 
qther  and  more  cflential  detects.  'I'liis  has  induced 
artiils  eniircly  to  lay  afide  glafibi  of  this  fort,  when 
fuperior  etTcd  is  required. 

The  principal  of  thefe  defefts  is  the  fmallnels  of 
the  apparent  field  i  and  this  leads  me  forward  to  ex- 
^ain  an  important  article  relating  to  tclefcopes  of 

every 
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IJvfflry'defcription.  When  a  telefcope  is  dire^d  tci^ 
ward  the  heavens,  or  to  very  diftant  obje^  on  the 
earthy  the  fpace  difcovcred  appears  in  the  figure  of 
a- circle,  and  we  fee  thofe  objefts  only  which  are  in- 
dnded  in  that  fpace ;  fo  that  if  you  wifhed  to  exa* 
mine  other  objeds,  the  pofition  of  the  iniirument 
muft :*be  altered.  This  circular  fpace,  prefented  to 
the  ey€  of  the  fpe£tator,  is  denominated  the  apparent 
Jield^  or,  in  one  word,  the  field  of  the  inftniment : 
and  it  is  abundantly  obvious,  that  it  muft  be  a  great 
advantage  to  have  a  very  large  field,  and  that,  on 
the  contrary,  a  fmall  field  is  a  very  great  inconve- 
nience, in  inilruments  of  this  fort.  Let  us  fuppofe 
two  tdefcopes  direfted  toward  the  moon,  by  the 
one  of  w^hich  we  can  difcover  only  the  half  of  that 
himinary,  whereas  by  the  other  we  fee  her  whole 
body,  together  with  the  neighbouring  ftars ;  the  field 
of  this  Idl  is,  therefore,  much  greater  than  that  of 
the  other.  That  which  prefents  the  greater  field  re- 
lieves us  not  only  from  the  trouble  of  frequently 
changing  the  pofition,  but  procures  another  very 
great  advantage ;  that  of  enabling  us  to  compare,  fay 
viewing  them  at  the  fame  time,  feveral  parts  of  the 
Qbjed:,  one  with  another. 

It  is,  therefore,  one  of  the  greateft  perfeflions  of 
a  telefcope  to  prefent  a  very  ample  field  j  and  it  is, 
accordingly,  a  matter  of  much  importance  to  mea- 
fure  the  field  of  every  inftrument.  In  this  view,  we 
are  regulated  by  the  heavens,  and  we  determine  the 
^(drcular  fpace  feen  through  a  telefcope,  by  meafuring^ 
^ii's  diameter  in  degrees  and  nainutes^  .Thus,  the  ap^ 

parent 
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parent  diameter  of  the  liiHflfeMn,  hipglAauti  hit 
9,  degceif,  if  a  tdefcc^  taioef  in  tke.mooa-cldfv^iM 
%  Chat  the  diameter  pf  it^  fidd  tt^hoitf  «  dqgiKi 
M^  if  ij^citt  coiild  &e  At  once  oi^-dief'ludf-jtfttti 
xoooB|the  diameter  c^  the  fidd  wq^  IwWbiiq^ 
fifad^ee.  .  :  _  !j   :-!'i'in:rti 

PI  The  immurement  <|f  iM^tt^ ithofc^Aditifcifci 
meaps  of.  meafiiring  the  apparent  itdi  ;4idfidhB|9  dift 
thing  is  fuffideritljr  dear  of  ltiel£  .€hiiii)qfiag:>M^ 
(Eould  fee  through  the  inftrument:  A3  ffiMr.'nB^ 
fg.  %.)  QiUy  the  fpace  POP,  and  tho  ebjcafit  vbidi 
it  contains :  this,  fpace  being  a  drde,  it?s  <fiametrif 
vrill  be  the  line  P  OP,  who&  middle  point' Qiisialitt 
axis  of  the  inftrument.  Drawing,  thereficnc,  fiton 
the  extremities  PP  the  ftraight  lines  PC,  PQ  the 
angle  PCP  will  eqnrefs  the  diameter  of  the  isppaaemA 
field,  and  the  half  of  this  angle  OCP  is  denominated 
the  femi-diameter  of  the  apparent  field  of  fuch  all 
inftrument.  You  will  perfeftly  comprehend  the 
mesufiing)  then,  when  it  is  faid  that  the  diameter  of 
the  apparent  field  of  fuch  an  inftrument  is  one  de« 
degree,  that  of  another  two  degrees,  and  fo  on ;  aa 
alfo  when  it  is  marked  by  minutes,  as  30  minutes 
which  mske  half  a  degree,  or  15  minutes  which 
nxike  the  fourth  part  of  a  degree. 

But  in  oraer  to  form  a  right  judgment  of  the 
vahie  of  a  teiefcope,  with  rcfpecl  to  the  apparent  fielc^ 
we  muft  likcwiie  attend  to  the  magnifying  power  of 
the  initrunient.  It  may  be  remarked,  in  general, 
that  the  mure  a  tclcfcope  magnifies,  the  fmaller,  of 
AcccJity,  Qiuft  be  the  ^qpparent  field  \  theie  are  the^ 

bounds 
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bounds  which  nature  herfelf  has  prefcribcd.  Let  ui 
iuppofe  an  inftrumcnt  winch'  fiiould  magnify  loo 
times  J  it  is  evident  that  the  dhinrter  of  the  field 
could  not  poffibly  be  fo  much  as  tsvo  degrees  :  for^ 
as  this  fpace  would  appear  ico  times  greater,  it 
would  rcfemble  a  fpace  of  two  hundred  degrees ; 
greater,  of  confequence,  than  the  whole  vifible  hel- 
vens,  which,  from  the  one  extremity  to  the  other, 
contain  only  1 80  degrees,  and  of  which  we  can  fee 
but  the  half  at  moft  at  once,  that  is  a  circular  fpace 
of  90  degrees  in  diameter.  From  this  you  fee,  that 
a  telefcope  which  magnifies  100  times  could  not  con- 
tain a  field  of  fo  much  as  one  degree ;  for  this  de- 
gree multiplied  1 00  times  would  give  more  than  90 
degrees;  and  that,  accordingly,  a  telefcope  which 
magnified  100  times  would  be  excellent,  if  the  dia- 
meter of  it's  field  were  fomcwhat  left  than  one  de- 
gree :  and  the  very  nature  of  the  inftrumcnt  admits 
not  of  a  greater  cfieft- 

But  another  telefcope,  which  fhould  magnify  only 
xo  times,  would  be  extremely  defective,  if  it  difco- 
vered  a  field  of  only  one  degree  in  diameter ;  as  this 
field  magnified  10  times  would  give  a  fpace  of  no 
more  than  ten  degrees  in  the  heavens,  which  would 
be  a  fmall  matter,  by  fetting  too  narrow  bounds  to 
our  view.  We  Ihould  have  good  reafon,  then,  to 
rqecl  fuch  an  inftrumcnt  altogether.  Thus  it  would 
be  very  eafy,  with  rcfpcft  to  the  apparent  field,  to 
form  a  judgment  of  the  exc.-^Uence  or  d^fcclivenefs 
of  inftrumcnt s  of  this  fort,  m  hen  the  effect  is  taken 
into  confidcration.     For  when  it  tnagiiiiics  only  19 

limes. 
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times,  it  may  fairly  be  conjc£hired,  tliat  it  diicoversr 
a  field  of  9  degrees ;  as  9  degrees  taken  i  o  times  give 
go  degrees,  a  fpace  which  our  light  is  capable  of  em- 
bracing :  and  if  the  diametet  of  it's  field  were  only 
5  degrees,  or  lefs,  this  would  be  an  inilrument  very 
defective  indeed.  Now  I  fliall  be  able  to  demon- 
ftrate,  that  if  a  telefcope  were  to  be  conftrufted  fuch 
as  1  have  been  defcribing,  which  fliould  magnify 
more  than  10  times,  it  would  be  liable  to  this  de- 
fcft  1  the  apparent  field  multiplied  by  the  magnify- 
ing power  would  be  very  confiderably  under  go  de- 
grees, and  would  not  even  ftiew  the  half.  But  when 
a  fmaU  efie<^  is  aimed  at,  this  defect  is  not  fo  fen- 
fible  J  for  if  fuch  an  inftrumcnt  magnifies  only 
5  times,  the  diameter  of  it's  field  is  about  4  degrees, 
which,  magnified  5  times,  contains  a  fpacc  of  20  de- 
grees, with  which  we  have  rcafon  to  be  fatisOed : 
but  if  we  wiihed  to  magnify  25  times,  the  diameter 
of  the  field  woidd  be  only  half  a  degree,  which 
taken  25  tames,  would  give  little  more  than  11  de- 
grees, which  is  too  little.  When  therefore  we  would 
magnify  very  much,  a  cUffercnt  arrangement  of 
lenfes  mull:  be  employed,  which  I  fliall  afterward 
explain. 

lyb  Fehraeiy,  1762. 
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DeferminaftGn  of  the  apparent  Field  for  Pocket  Gtdjfe, 
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TO  afcertjun  the  apparent  field  being  of  very 
great  importance  in  the  conftruction  of  tele- 
fcopes,  I  proceed  to  the  application  of  it  to  the  fmall 
^lafles  which  1  have  been  dcfcribing. 

The  lens  P  A  P,  opiate  Vlll.Jig.  4.)  is  the  objective^ 
Q  B  O  the  ocular,  and  the  ftraight  line  E  F  the  axis 
of  the  inftrument,  in  which  is  feen,  at  a  very  great 
cHftance,  through  the  inftrument,  the  object  E  <?, 
imder  the  angle  E  A  ^,  which  reprefcnts  the  fenii- 
diameter  of  tlie  apparent  field,  for  it  extends  as  far 
on  the  other  fide  downward.  Tlie  point  E,  thcn^ 
is  the  centre  of  the  fpace  feen  through  the  inftrument, 
the  radius  of  which,  E  A,  as  it  paflTes  perpendicularly 
through  both  lenfes,  undergoes  no  refraclion  ;  and 
in  order  that  this  rav  mav  have  admiifion  into  the 
eye,  the  eye  muft  be  fixed  fomewhere  on  the  axis 
of  the  inftrument  B  F,  behind  the  ocular  lens,  fo  that 
the  centre  of  the  pupil  fliall  be  in  the  line  B  F ;  and 
this  is  a  general  rule  for  every  fpecies  of  telefcope. 
Let  us  now  confider  the  vifible  extremity  of  the  ob- 
jefl:  ej  whofe  rays  exactly  fill  tlie  whole  opening  of 
the  objective  lens  PAP;  but  it  will  be  fuflicient  to 
attend  only  to  the  ray  E  A,  which  paflTes  througli 
the  centre  of  the  objective  A,  as  the  others  furrouncl, 
and  little  more  than  ftrengthcn  this  ray ;  fo  that  if 
it  is  admitted  into  the  eye,  the  others,  or  at  leaft  a 
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coniiderablc  part  of  them,  find  admiiHon  Ukewife  { 
and  if  this  ray  is  not  admitted  into  the  eye,  though 
perhaps  fomc  of  the  others  may  enter,  they  are  too 
feeble  to  excite  an  impreflion  fufficiently  powerful. 
Hence,  tliis  may  be  laid  dciwn  as  a  rule,  that  the  es- 
tremity  e  of  the  objeft  is  fcen,  only  fo  far  as  the  ray 
e  A,  after  having  pafled  through  the  two  lenfes,  is 
admitted  into  the  eye. 

We  muft,  therefore,  carefiiUy  examine  the  direc- 
tion of  this  ray  e  A.  Now,  as  it  paiTes  through  the 
centre  of  the  objective  A,  it  undergoes  no  refraclion  ; 
conlbrmably  to  the  rule  laid  down  from  the  begfin- 
ning.  That  rays  pailing  through  the  centre  of  any 
lens  whatever  are  not  diverted  from  their  direcfioii^ 
that  is,  undergo  no  refraction.  This  ray,  e  A,  there- 
fore, after  having  paffed  through  the  objeftivc,  would 
continue  in  the  fame  direiftion,  to  meet  the  other 
rays  iifuing  from  the  fame  point  e,  to  the  point/of 
the  image  reprefented  by  the  objeffive  at  F  _^  tbe 
point/being  the  image  of  the  point  e  of  theobjeft  j. 
but  the  ray  meeting,  at  m,  the  concave  lens,  but  boC  ' 
in  it's  centre,  will  be  diverted  from  that  direction  j  • 
and  itiftead  of  terminating  in/,  will  aiTume  tlie  (fi- 
reftion  rii  n,  more  divergent  from  B  F,  it  bcihg  thtf 
natural  effecT:  of  concave ,  lenfes  to  render  rays  al- 
ways more  divergent.  In  orcier  to  ifcertain  this 
new  direction  m  n,  you  will  pleafe  to  recolleft  that 
the  objective  lens  rcprefents  the  objed:  E  ^  in  aa 
inverted  pofition  at  F/,  fo  that  A  F  is  equal  to  the 
focal  diftance  of  this  lens,  which  tranfports  the  ob- 
ject E  t?  toF/.    Then  this  image  F/ occupies  the 

place 
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place  of  the  obje^,  with  refpeft  to  the  ocular  lens 
Q  B  Q,  which,  ki  it's  turn,  tranfports  that  image  to 
G  gj  whofe  diftance  B  G  muft  be  as  great  as  that  of 
the  object  itfelf ;  and  for  this  effect,  it  is  neceffary  tp 
place  the  ocular  lens  in  fuch  a  manner  that  the  inter-: 
val  B  F  Ihall  be  equal  to  it's  focal  diftance. 

As  to  the  magnitude  of  thefe  images,  the  firft  F/ 
is  detennined  by  the  ftraight  line  e  A/ drawn  from 
e  through  the  centre  A  of  the  firft  lens ;  and  the 
other  G  ^  by  the  ftraight  line  /  B  ^  drawn  from  the 
point  /  through  the  centre  B  of  the  fecond  lens. 
This  being  laid  down,  the  ray  A  m  direfted  toward 
the  point  /  is  refraded,  and  proceeds  in  the  direc* 
tion  m  n ;  and  this  line  m  n  being  produced  backward 
will  pafs  through  the  point  ^,  for  m  n  has  the  fame 
effect  in  the  eye,  as  if  it  actually  proceeded  from  the 
point  g.  Now,  as  this  line  m  n  retires  farther  and 
farther  from  the  axis  B  F,  where  the  centre  of  th? 
pupil  is,  it  cannot  enter  into  the  eye,  unlefe  the 
opening  of  the  pupil  extdnds  fo  &r  ;  and  if  the  open- 
ing of  the  pupil  were  reduced  to  nothing,  the  ray 
m  n  would  be  excluded  from  the  eye,  and  the  point 
e  of  the  objeft  co^ld  not  be  vifible,  nor  even  any 
other  point  of  the  objeft  out  of  the  axis  A  F.  There 
would,  therefore,  be  no  apparent  field,  and  nothing 
wpuld  be  feen,  through  fuch  an  inftrument,  except 
the  fingle  point  E  of  the  objeft,  which  is  in  it's  axis. 
It  is  evident,  then,  that  a  telefcppe  of  this  fort  difco- 
vers  no  field,  but  as  far  as  the  pupil  expands,  fo  that 
in  proportion  as  the  expanfion  of  the  pupil  is  greater 
or  lefs,  fo  likcwifc  the  apparent  field  is  great  or  fmall. 
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fa  this  cafe,  the  point  e  will  therefore  be  ftlU  vifible 
to  the  eye,  if  the  fmall  interval  B  m  does  not  exceed 
half  the  diameter  of  the  eye,  that  the  ray  m  n  may 
find  admiffion  into  it ;  but  in  this  cafe,  likewifc;,  the 
eye  muft  be  brought  as  clofe  as  pofliblc  to  the  ocular 
lens :  for  as  the  ray  m  n  removes  from  the  axis  F  B, 
it  would  efcape  the  pupil  at  a  greater  diftance. 

Now  it  is  eafy  to,  determine  the  apparent  field 
which  fuch  an  inflrumtnt  would  difcovcr  on  the 
ocular  lens  :  you  have  only  to  take  the  interval  Bm 
cqiiul  to  the  lemi-diameter  of  the  pupil,  and  to  draw 
through  that  point  m,  and  the  centre  of  the  objeftive 
lens  A,  the  ftraight  hne  tnAe,  then  this  line  wiD 
mark  on  the  objeifl  the  extremity  e,  which  will  be 
ftill  vifible  through  the  inftrument,  and  the  angle 
F.  A  e  will  give  the  fen;i-diameter  of  the  apparent 
field.  Hence  you  will  eafily  judge,  that  whenever 
the  diftance  of  the  lenfes  A  B  exceeds  fome  inches, 
the  angle  B  A  m  muft  become  extremely  fmall,  as  the 
line  or  the  diftance  B  flt  is  but  about  the  twentieth 
part  of  an  inch.  Now  if  it  were  intended  to  m^^niiy 
very  much,  the  diftance  of  the  lenfes  muft  become 
confiderable,  and  the  confequence  would  be,  that  the 
apparent  field  muft  become  extremely  fianalL  The 
firu^re  of  the  human  eye,  then,  fets  bounds  to 
telefcopes  of  this  defcription,  and  obliges  us  to  have 
recourfe  to  others  of  a  difierent  conftruftion,  when- 
ever we  want  to  produce  very  confiderable  eETeiL 

ibtb  Fcirvary,  i;6l. 
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LETTER   XCIB, 

AJirommical  Telefcopesy  and  their  magnifying  Powers^ 

T  PROCEED  to  the  fecond  fpecies  of  telefcopes, 
•^  called  aflronomical,  and  remark  that  they  coniift 
pf  only  two  lenfes,  like  thofe  of  the  firft  fpecies ;.  with 
this  difference,  that  in  the  conftruAion  of  albono- 
mical  telefcopes,  inftead  of  a  concave  ocular  fens,  wc 
employ  a  convex^ 

The  objeftive  PAP  (plate  VIIL/g.  9.)  is,  as  in  the 
other  fpecies,  convex,  whofe  focus  being  at  F,  we  fit, 
on  the  fame  axis,  a  finaller  convex  lens  Q  Q,  in  fuch 
^  manner  that  it's  focus  Ihall  likewife  fall  on  the 
fame  point  F.     Then  placing  the  eye  at  O,  fo  that 
the  diftance  B  O  Ihall  be  nearly  equal  to  the  focal 
diftance  of  the  ocular  Q  Q,  you  will  fee  obje6b  dif- 
tincUy,  and  magnified  as  many  times  as  the  focal  dif- 
tance of  the  objective  A  F  ihall  exceed  that  of  the 
ocular  B  F :  but  it  is  to  be  remarked  that  every  ob^ 
jcft  will  appear  in  an  inverted  pofition,  fo  that  if  the 
inftrument  were  to  be  pointed  toward  a  houfe,  the 
roof  would  appear  undermoft,  and  the  ground-floor 
uppermoft.   As  this  circumftance  would  be  aukward 
in  viewing  terreftrial  objects,  which  we  never  fee  in 
an  inverted  fituation,  the  ufe  of  this  fpecies  of  tele- 
ii;:opes  is  confined  to  the  heavenly  bodies,  it  being  a 
inatter  of  indifference  in  what  diredion  they  appear : 
it  is  fufiicient  to  the  aftronomer  to  know  that  what 
he  fees  uppermoft  is  really  undermoft,  and  recipro- 
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caUy.  Nothing,  however,  forbids  the  application  of 
fuch  telefcopes  to  terreftrial  objeds  ;  the  eye  Toon 
becomes  accuftomCd  to  the  inverted  pofition,  pro- 
vided the  object  is  feen  diftinftly  and  very  much 
magnified. 

Having  given  this  defcription,  thfee  things  fall 
to  be  dcmonftrated  :  firft,  that  by  this  arrangement 
of  the  ienfes  objects  muft  app'-ar  diftiniftly;  fecondly, 
that  they  muft  appear  magt.ified  as  many  times  as 
the  focal  diftance  of  the  c  ;cHve  lens  exceeds  that 
of  the  ocular,  and  in  an  inverted  pofition  ;  and 
thirdly,  that  the  eye  muft  not  be  applied  clofe  to  the 
ocular  lens,  as  in  the  firft  fpecies,  but  mull  be  re- 
moved to  nearly  the  focal  diftance  of  the  ocular. 

1.  As  to  the  firft,  it  is  dcmonftrated  m  the  fame 
manner  as  in  tiie  preceding  cafe  :  the  rays  eP,  e  P, 
which  are  parallel  before  they  enter  into  the  objec^ 
live  lens,  meet  by  refrafiion  in  the  focus  of  this  lens 
at  F  ;  the  ocular  lens  muft,  of  courfc,  reftore  the  pa- 
ralleliikn  of  thefe  rays,  and  diftinft  vifion  requires 
that  the  rays,  proceeding  from  every  point,  fliould 
be  nearly  parallel  to  each  other  when  they  enter  the 
eye.  Now,  the  ocular  lens,  having  it's  focus  at  F,  is 
placed  in  fuch  a  manner  as  to  render  the  rays  F  M, 
F  M,  by  the  refraftion,  parallel,  and  confequently  the 
eye  will  receive  the  rays  N  o,  N  c,  parallel  to  each 
other. 

2.  With  refpetft  to  the  fecond  article,  let  us  con- 
fider  the  object  at  E  f,  (plate  VUL  fig.  lo.)  but  fo  as 
that  the  diftance  E  A  lliall  be  almoft  infinite.  The 
image  of  this  objed,  reprefented  by  the  obje^vc 
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iehs,  will  therefore  be  F  /,  fituated  at  the  focal  dif- 
tance  of  that  lens  A  F,  and  determined  by  the  ftraight 
fine  ^  A  /,  drawn  through  the  centre  of  the  lens. 
iThis  image  F/,  which  is  inverted,  occupies  the  place 
bf  the  objeft  with  refpeft  to  the  octjar  lens^  and  be- 
ing ih  it's  focus,  the  fecond  image  will  be  again  re- 
tnoved  to  an  infinite  diftance  by  the  refraftion  of 
this  lehB,  and  will  fall,  for  example,  at  G  ^,  the  difi 
tance  A  G  being  cdnfidered  as  infinite,  like  that  of 
A  E.  Now,  in  order  to  determine  the  magnitude 
of  this  image,  you  have  only  to  draw  through  the 
centre  B  of  the  lens,  and  the  extremity /of  the  firft 
image,  the  ftraight  line  B/^.  Now  this  fecond  image 
G  g  being  the  immediate  objeft  of  vifion  to  the  per- 
^  fon  who  looks  through  the  telefcope,  it  is  evident  at 
once  that  this  reprefentation  is  inverted  ;  and,  as  it  is 
infinitely  diftant,  will  appear  under  an  angle  G  B  ^; 
But  the  objeft  itfelf  E  e  wiH  appear  to  the  naked  eye 
under  the  angle  E  A  ^ :  how  you  are  fenfible,  with- 
out being  reminded,  that  it  is  indifferent  to  take  the 
points  A  and  B,  in  order  to  have  the  vifual  angles 
E  A  ^  and  G  B  ^,  on  account  of  the  infinite  difl:ancd 
of  the  objeft;  Yt)U  now  fee  here,  as  in  the  preceding 
cafe,  that  the  triangles  F  A/ and  F  B/  may  be  con- 
fidered  as  circular  feftors,  the  line  F/meafuring  the 
arch  of  both,  and  the  angles  themfelvcs  being  fo  very 
fmail,  Ho  fenfible  miftake  can  be  committed  in  taking 
the  chord  for  the  arch.  As,  then,  the  radii  of  thefe 
two  feftors  are  the  lines  A  E  and  B  F,  the  arches 
being  equal  to  each  other,  it  follows,  as  was  formerly 
dcmonftrated,  that  the  anglqs  ?  A/ (or,  vvhich  is  the 
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fame  thiiig,  Y.  AeJ  and  FB/ (or,  which  is  the  lame 
thing,  G  B  gj  have  the  fame  proportion  to  each 
other  that  the  radii  B  F  and  A  F  have.  Thcreftire, 
the  angle  G  B  ^,  under  which  the  object  is  feen 
through  the  tclefcope,  as  many  times  exceeds  the 
angle  E  A  e,  under  which  the  object  is  feen  by  the 
naked  eye,  as  the  line  A  F  exceeds  die  line  B  F; 
which  was  the  iecond  point  to  be  dcmonftratcd.  I 
am  under  the  neceflity  of  deferring  the  demonflra. 
tion  of  my  third  propoiition  till  next  poll. 
zoth  Fe&ruarj,  i;6a. 


LETTER     XCIV. 

Of  the  apparent  Field,  and  ihe  Place  of  the  Eye. 

TN  fiilfiUing  my  engagement  rcfpccting  the  third 
-*■  particular  propofed,  namely  to  determine  the 
place  of  the  eye  belilnd  the  teleiiropc,  I  remark  that 
tliis  article  is  nioft  intimately  connected  with  the  ap- 
parent field,  and  that  it  is  precifely  the  field  wfcich 
obliges  us  to  keep  the  eye  fixed  at  the  proper  dif- 
tance ;  for  if  it  were  to  be  brought  dofer,  or  te- 
moved  farihcr  oif,  we  should  no  longer  dUcQver-fo 
large  a  field. 

The  extent  of  ilie  field  being  an  article  of  fucli  im- 
portance, indeed  ib  effcntial,  in  all  teliffcopes,  it  muft 
be  of  equal  importance  to  determine  exactly  the  place 
of  the  eye  from  which  the  largeft  field  is  difcoverable. 
If  the  eye  were  to  be  applied  clofe  to  the  ocular  lens, 
we  fliould  have  nearly  the  Cime  field  as  we  have 
3  with 
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with  the  pocket-glais^  which  becomes  infiifiefably 
Imall^  whenever  the  magnifying  power  is  conHder- 
ablc.  It  is,  therefore,  a  vaft  advantage  to  aftrono- 
mical  tdefcopes^  that  by  withdrawing  the  eye  from 
the  ocular  lens,  the  apparent  field  incrfeafes  to  a  cer- 
tain extent :  and  it  is  precifely  this  which  renders 
fuch  telefcbpes  fufceptible  of  prodi^ous  magnifying 
powers,  whereas  thofe  of  the  firft  fpecies  are,  in  this 
refpeft,  extremely  Kmited.  You  know  that  with 
the  aftrdnomical  telefcope,  the  magnifying  power  has 
been  carried  beyond  two  hundred  times,  which  gives 
them  an  inconceivable  fuperiority  over  thofe  of  the 
firft  fpecies,  which  can  fcarcdy  magnify  ten  times  ; 
and  the  trifling  inconvenience  of  the  inverted  po- 
fition  is  infinitely  overbalanced  by  an  advantage  fo 
very  great. 

I  will  endeavour  to  put  this  important  article  in 
the  deareft  light  pbffible* 

1.  The  objeft  E  e  (plate  VIIL  fig.  it.)  being  infi- 
nitdy  diftant,  let  e  be  it's  extremity,  ftill  vifible 
through  the  telefcope^  whofe  lenfes  are  PAP  and 
Q  B  Q,  fitted  on  the  common  axis  E  A  B  O,  it  falls 
to  be  attentively  confidered  what  direAion  will  be 
purfued  by  the  fingle  ray  which  pafles  from  the  ex- 
tremity €  of  the  objed:,  through  the  centre  A  of  the 
objeftivc  lens.  You  will  recollect  that  the  other 
rays,  which  fall  from  the  point  e  on  the  objective 
lens  only  accompany  and  ftrengthcn  the  r^iv  in  quef- 
tion  e  A,  which  is  the  principal  with  refpeft  to  vilioi: . 

2.  Now  this  ray  c  A,  pafling  through  the  centre 
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of  the  lens  P  P,  will  undergo  no  refira^on,  Iwt  wiH    j 
puriue  it's  direction  in  the  ftraight  line  Af  m,  and    I 
palling  through  the  extremity  of  the  image  V/wiU 
fall  on  the  ocular  lens  at  ths  point  in  ;  and  here  il  ii 
to  be  oWervetl,  that  if  the  lize  of  the  ocuLir  lens  had 
not  extended  lb  far  as  the  point  /«,  tliis  ray  would    1 
never  have  reached  the  eye,  and  tlic  point  e  Vi-ould 
have  been  invifiblc.     That  is  to  fay,  it  would  be  ne-    I 
cefiary  to  take  the  extremity  e  nearer  to  the  axis,  in 
order  that  the  ray  Afm  may  meet  die  ocular  IcM. 

3.  Now  this  ray  A  m  will  be  rciraded,  by  the  ocu- 
lar lens,  in  a  way  which  it  is  very  eafy  to  dilcover. 
We  have  only  to  confider  the  fecond  image  Gj, 
though  infinitely  diftant,  it  is  lUfficient  to  know  that 
the  firaight  line  ii/  prodnccJ  will  pafs  through  the.  I 
extremity^  of  the  fcrond  image  G  ^,  ^hich  is  timf  i 
immedinte  object  of  vifion.  riavin^i  remarked  thi^, 
the  rcfrafted  ray  mull  aiTnme  the  direction  «  O,  and 
this  produced  palTes  through  g. 

4.  As,  therefore,  tlie  two  hncs  O  «  and  B  f  meet 
at  an  infinite  diUaiicc  at  ^,  the^■  may  be  confidered 
as  parallc!  to  each  other  ;  and  hence  we  acquire  an 
calicr  method  to  determine  the  pofition  of  the  re- 
fracted ray  /;  O :  you  have  only  to  draw  it  parallel 
to  the  line  B /. 

5.  Hence  it  's  clearly  evident  that  tlie  ray  r  O  wii! 
foniewherc  n-.ect  ihc  axis  of  the  telefcupc  at  O,  and 
as  ufually,  when  the  magnifying  power  is  great,  the 
point  r  is  much  nearer  t;o  the  lens  Q  O  than  to  the 
lens  P  P,  the  diitjncc  B  /,-;  will  be  fcinc\\'i;at  greater 

than 
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than  the  image  F/:  and  as  the  line  »  O  is  parallel  to 
f  B,  the  line  B  O  will  be  nearly  equal  to  B  F,  that  is, 
to  the  focal  diftance  of  the  ocular  lens.     - 

6.  If,  then,  the  eye  is  placed  at  O,  it  will  receive! 
not  only  the  rays  which  proceed  from  the  middle  of 
the  objeft  E,  but  thofe  lilcewife  which  proceed  from 
the  extremity  e^  and  confequently,  thofe  alfo  which 
proceed  from  every  point  of  the  objeft ;  the  eye 
^PTould  even  receive  at  once  the  rays  B  O  and  n  O, 
even  fuppoling  the  pupil  infinitely  contra<ftcd.  In 
this  cafe,  therefore,  the  apparent  field  does  not  de- 
pend on  the  largenefs  of  the  aperture  of  the  pupil, 
provided  the  eye  be  placed  at  O,  but  the  moment  it 
recedes  from  this  point,  it  muft  lofe  confiderably  in 
the  apparent  field. 

7.  If  the  point  m  were  not  in  the  extremity  of  the 
ocular  lens,  it  would  tranfmit  rays  ftill  more  remote 
from  the  axis,  and  the  tdefcope  would,  of  courfe,dif- 
cover  a  larger  field.  In  order  then,  to  determine 
the  real  apparent  field  which  the  telefcope  is  capable 
of  difcovering,  let  there  be  drawn,  from  the  centre 
A  of  the  objeftive  lens,  to  the  extremity  m  of  the 
ocular,  the  ftraight  line  A  w,  which,  produced  to  the 
objeft,  will  mark  at  e  the  vifible  extremity ;  and 
confequently  the  angle  E  A  ^,  or,  which  is  the  fame 
thing,  the  angle  B  A  m^  will  give  the  femi-diameter 
of  the  apparent  field,  which  is,  confequently,  greater 
in  proportion  as  the  extent  of  the  ocular  lens  is 
greater. 

8.  As,  then,  in  the  firft  fpccies  of  telefcopes,  the 
aptnor^nf  fi^>ij  depended  entirely  on  the  aperture  of 

the 
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the  quotient  is  always  equal  to  the  dividend ;  if  then 
it  is  aDted,  how  often  one  inch  is  contained  in  twenty- 
four  inches,  the  anfwer,  without  hefitation,  is, twenty 
four  times  ;  confequently,  fuch  a  telcfcope  magniiies 
twenty-four  times,  that  is,  reprcfents  diftant  objeifts 
in  the  fame  mariner  as  if  they  were  twenty-four  times 
greater  than  they  really  are ;  in  other  words,  you 
Would  fee  them  througli  fuch  telefcopc  under  an 
angle  twenty-four  times  j  ^ter  tkan  by  the  naked 
eye. 

Let  us  fuppofc  another  aftronomical  telcfcope,  the 
focal  diftance  of  whofe  objective  lens  is  thirty-two 
feet,  and  that  of  the  ocular  three  mciies.  You  fee  at 
once  that  thefe  two  lenfes  mult  be  placed  at  the  dif- 
tance of  thirty-two  feet,  and  three  inches  from  each 
Other,  for,  in  all  aftronomical  telefcopcs,  the  diftance 
of  the  Icnfcs  muft  be  equal  to  the  fum  of  the  two 
focal  diftances,  as  has  been  already  demonftrated. 

To  find,  then,  how  many  times  a  telefcopc  of  the 
above  defcription  magnifies,  we  muft  divide  thirty- 
two  feet  by  three  inches,  and,  in  order  to  this,  reduce 
thefe  thirty-two  feet  into  inches,  by  multiplying 
them  by  twelve. 

32     this  produces  384  inches;  and  thefe  again 

1  2  divided  by  three,  the  focal  diftance,  in  inches, 
3I384     of  the  ocular  lens,  gives  a  quotient  of  il8j 

128  which  indicates  that  the  propofed  telcfcope 
ttiagnilics  i^S  times,  which  muft  be  allowed  to  be 
very  cnnfidcralilei 

Rcciprocaliy,  therefore,  in  order  to  conflxuft  a  te-*  - 
lefcop^  whl':h  fliall  magnify  a  given  number  of  times* 

&y 
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fey  1 00,  we  muft  employ  two  convex  lenfes,  the  focal 
diftapice  of  the  one  of  which  fliall  be  1 00  times  greater 
than  that  of  the  other ;  in  this  cafe  the  one  will  give 
the  objeftive  lens,  and  the  other  the  ocular.  Thefc 
muft  afterwards  be  fitted  on  the  fame  axis,  fo  that 
theif  diftance  fliall  be  equal  to  the  fum  of  the  two 
focal  diftances ;  that  is,  they  muft  be  fixed  in  a  tube 
pi  this  length,  and  then  the  eye  being  placed  behind 
the  ocular  lens,  at  it's  focal  diftance,  will  fee  obje6bf 
magnified  i  oo  times. 

This  arrangement  may  be  varied  without  end,  by 
affuming  ap  ocular  lens  at  pleafure,  and  adapting  to 
it  an  objedtive,  whofe  focal  diftance  fliall  be  i  oo  times 
greater.  Thus,  taking  an  ocular  lens  of  one  inch 
focus,  the  Objeftive  muft  be  of  i  oo  inches  focus,  and 
the  diftance  of  the  lenfes  loi  inches.  Or,  taking  an 
ocular  of  2  inches  focus,  the  objedive  muft  have  it's 
focus  at  the  diftance  of  200  inches,  and  the  diftance 
of  the  lenfes  will  be  202  inches.  If  you  were  to  take 
an  ocular  lens  of  3  inches  focus,  the  focal  diftance  of 
the  objeftive  muft  be  300  inches,  and  the  diftance  of 
the  lenfes  from  each  other  303  inches.  And  if  you 
were  to  take  an  ocular  lens  of  4  inches  focus,  the  ol>. 
jeftive  muft  have  a  focal  diftance  of  400  inchesy  and 
the  diftance  of  the  two  lenfes  404  inches,  and  fo  on, 
the  inftrument  always  increafing  in  length.  If,  on 
the  contrary,  you  were  to  affume  an  ocular  lens  of 
only  half  an  inch  focus,  the  objeftive  muft  have  a 
focal  diftance  of  1 00  half  inches,  that  is,  of  fifty  inches, 
anr^  t^^  diftance  between  the  lenfes  would  only  be  50^ 
^  " '  which '  "Tiore  than  four  feet. 

And 
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And  if  an  ocukr  of  a  quarter  of  an  inch  focus  were 
to  be  employed,  the  objeftive  woidd  require  a  foaJ 
diftancc  of  only  loo  quarters  of  an  inch,  or  25  inches* 
and  the  diftancc  between  the  two  lenfes  25  iucliea 
and  a  quarter,  that  is  little  more  than  two  feet. 

Here,  then,  are  feveral  methods  of  producing-  the 
fame  effect,  that  of  magnifying  100  times;  and  if 
every  thing  elfe  were  equal,  we  fliould  not  heGtate 
about  giving  the  preference  to  the  hft,  as  being  the 
fhortcft,  for  here  the  telcfcope,  being  reduced  to  little 
more  ihau  two  feet,  would  be  more  manageable  than 
one  much  longer. 

No  one,  then,  would  hefitate  about  preferring  the 
ftiortcft  tclefcupes,  provided  all  otlier  circumftanccs 
were  the  fame,  and  all  the  different  fpecies  reprefented 
objeifls  in  the  fame  degree  of  perfcftion.  But,  though 
they  ail  poficfs  the  fame  magnifying  power,  the  re- 
prefentation  is  by  no  means  equally  clear  and  diftinft.- 
That  of  two  feet  in  length  certainly  magnifies  100 
times,  as  well  as  the  others  ;  but  on  looking  through 
fuch  a  telefcope,  objefta  wijl  appear  not  only  dark» 
but  blunt  and  confufed,  which  is  undoubtedly  a  very 
great  defect.  The  laft  telefcope  but  one,  whofe  ob- 
jective lens  is  50  inches  focus,  is  lefs  fubjed  to  tHcfe 
defects,  but  the  dimnefs  and  confufion  are  ftill  in-i 
fupportable:  and  thefe  defects  diniinift  in  proportion 
aa  we  employ  greater  obje^ve  lenfes  j  and  are  re- 
duced to  almoft  nothing,  on  employing  an  objeftive , 
lens  of  300  inches,  with  an  ociUar  of  3  inches  focus. 
On  incrcafmg  thefe  meafurements,  the  reprcfenlation 
becomes  ftill  clearer  and  more  diftin<% ;  fo  that,  in 

this 
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tilis  reQ)eft,  long  tdefcopes  are  preferable  to  fliort, 
diou^  otherwife  lefi  commodious.  This  circum* 
ftance  impofes  on  me  a  new  talk,  that  of  farther  ex- 
plaining two  very  effential  articles  in  the  theory  of 
telefcopes :  the  one  refpefts  the  clearnefs,  or  degree 
of  light  in  which  objecb  ^c  feen :  and  the  other  the 
diilinchiels  and  accuracy  of  expreffion  with  which 
they  are  refMrefented.  Without  thefe  two  qualities, 
aU  magnifying  power,  however  great,  procures  no 
advantage  for  the  contempbtion  of  object^. 


»««N*»4 
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Decree  of  Cleamefs. 

rr  order  to  form  a  judgment  of  the  degree  of 
clearnefs  in  which  objects  are  reprefented  by  the 
telefcope,  I  fliall  recur  to  the  fame  principles  which  I 
endeavoured  to  elucidate,  in  treating  the  fame  fub- 
jeft  with  reference  to  the  microfcope. 

And,  firft,  it  muft  be  confidered  that,  in  this  re- 
iearch,  it  is  not  propofed  to  determine  the  degree  of 
light  refident  in  objefts  themfelves,  and  which  may 
be  very  diflferent,  not  only  in  different  bodies,  as 
being  in  their  nature  more  or  lefs  luminous,  but  in 
the  fame  body,  according  as  circumftances  vary.  The 
lame  bodies,  when  illuminated  by  the  fun,  have  un- 
doubtedly more  light  than  when  the  Iky  is  overcaft, 
and  in  the  night  their  light  is  whdly  extinguiftied  5 

but 
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but  diffirent  bodies  illumuiated  may  SSa  greadjv^ 

m  point  of  brightnds,  according  as  their  colours  are 
more  or  !efs  liveiy.  "We.  are  not  enquiring,  then,  into 
that  light  or  brightnels  whicli  refides  in  objects  thcm- 
felves ;  but,  be  it  ftrong  or  feint,  we  lay  that  a  tele- 
fcope  reprefents  the  object  in  periecl  clearnefk,  when 
it  is  feen  through  the  inftrument  as  cle^Iy  as  by  the 
Haked  eye  ;  16  that  if  the  objcd:  be  dim,  we  are  not. 
to  expect  that  ihe  telefcope  Jliould  reprefent  it  as 
fdear. 

Accordingly,  in  rcfpect  of  clearnelk,  a  tcldcope  is 
perfect,  when  it  reprefents  the  objeft  as  dearly  as  it 
appears  to  the  naked  eye.  This  takes  place,  as  in 
the  microfcope,  when  the  whole  opening  of  the  pupil 
is  filled  with  the  rays  which  proceed  from  every 
point  of  the  objeft,  after  being  tnnfinitted  through 
the  telefcope.  If  a  telefcope  furoiflies  rays  fufficieiR 
to  fill  the  whole  opening  of  the  pupil,  no  greater  de- 
gree of  clearness  need  be  dehred  i  and,  iiippofing  it 
could  fupply  rays  in  greater  profufion,  this  would  be 
entirely  ufelefs,  as  the  fame  quantity  precifely,  and  no 
more,  couid  find  adniiffion  into  the  eye. 

Here,  then,  attention  muft  be  pad  chiefly  to  the 
aperture  of  the  pupil,  which,  being  variable,  prevents, 
our  laying  down  a  fixed  rule,  unlefs  we  regiUate  our- 
felves  according  to  a  certain  given  aperture,  which 
is  fufEcient,  when  the  pupil,  in  a  ftate  of  the  greateft 
cohtraAion,  is  filled  with  rays  j  and,  for  this  purpofe, 
the  diameter  of  the  pupil  is  ufually  fuppofed  to  be 
one  line,  twelve  of  which  make  an  inch ;  we  fome- 

times 
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times  £itisfy  ourfdves  with  even  the  half  of  this»  al- 
lowing to  the  diameter  of  the  pupil  only  half  a  linCy 
and  in  fome  cafes  ftill  lefs. 

If  you  will  pleafe  to  coniider,  that  the  light  of  the  . 
fun  exceeds  that  of  the  moon  300,000  times,  though 
even  that  of  the  moon  is  by  no  means  inconfiderablef 
you  will  be  fenfible  that  a  imall  diminution  in  point 
of  deai^nefs  can  be  of  no  great  confequence  in  the 
contemplation  of  objeAs.  Having  premifed  this,  all 
that  remains  is  to  examine  the  rays  which  the  tde^ 
fcope  tranfmits  into  the  eye,  and  to  compare  thein 
with  the  pupil ;  and  it  will  be  fufficient  to  confider  * 
the  rays  which  proceed  from  a  fingle  point  of  the  6b* 
ject  ('plate  IX. ^g.  i.J  that,  for  example,  which  is  ia 
the  axis  of  the  telefcope« 

I.  The  objeft  being  infinitely  diftant,  the  rays  which 
fall  from  it  on  the  furface  of  the  objedive  lens  PAP 
are  parallel  to  each  other : ,  all  the  rays,  then^  which 
come  from  the  centre  of  the  objed,  will  be  contained 
within  the  lines  L  P,  L  P,  parallel  to  the  axis  £  A* 
All  thefe  rays  taken  together  are  denominated  the 
fafcicle  of  rays  which  fall  on  the  objective  lens,  and 

the  breadth  of  this  fafcicle  is  equal  to  the  extent  or 
aperture  of  the  obje^ve  lens,  the  diameter  of  which 
is  PAR 

II.  This  fafcicle,  or  little  bundle,  of  rays  is  changed, 
by  the  refradion  of  the  objedive  lens,  into  a  conical 
or  pointed  figure  P  F  P,  and  having  croflcd  at  the 
focus  F,  it  forms  a  new  cone  vi  F  m,  terminated  by 
•the  ocular  lens ;  hence  it  is  evident  that  the  bafis  of 
this  cone  mm\%  as  many  times  (mailer  than-  the 

Vol.  ^^  C  c  breadth 
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breadtb  of  the  fafclcle  P  P,  as  the  dUbnce  F  B  u 
Ihorter  than  the  diftance  AF. 

III.  Now  thcfe  rays  F  m,  Fw,  on  pafling  through 
tlie  cx-ular  lens  (^  B  Q,  become  again  paralle!  to  each 
other,  and  form  the  fafcide  of  rays  n  o,  n  o,  whicli 
I'liter  into  the  eye,  and  tliere  depict  the  ima^  of  the 
point  of  the  objeft  whence  tliey  originall)-  proceeded. 
■  iV.  The  quelHon,  then,  rel'olves  itle]f  into  tlie 
breadth  of  this  fafcide  of  rays  ne,  no,  whicli  enter 
into  the  eye  ;  for  if  tliis  breadth  nn  or  oa  is  equal  to, 
or  greater  than,  the  opening  of  the  pupil,  it  will  Ik 
filled  with  them,  and  the  eye  will  enjoy  all  poilible 
dearncfs  ;  that  is,  tlie  object  will  feem  as  dear  as  if 
you  were  to  look  at  it  with  the  unaHirted  eye. 

\'.  Bui  if  this  fafcicle  n  ii,  or  a  o,  were  of  much  Icfs 
breadth  than  the  diameter  of  the  pupil,  it  is  evident 
that  the  rcprcfentatian  niuli  become  fo  much  more 
obfcure ;  which  would  be  a  great  defect  in  the  tdc- 
Icope.  in  order  to  remedy  it,  the  fefcidc  muft, 
therefore,  be  at  leail  half  a  line  in  breadth,  and  it 
would  be  flill  better  to  have  it  a  whole  line  in  breadth, 
this  being  the  ufual  aperture  of  the  pupil. 

VI.  It  is  evident  that  the  breadth  of  this  fecond 
iafdde  has  a  certain  relation  to  that  of  the  firft,  which 
it  is  very  eafy  to  determine.  You  have  only  to  fettle 
how  many  tihies  the  diftance  n  nor  mm  is  lets  than 
.the  dillance  P  P,  which  is  the  aperture  of  the  objective 
Jens.  But,  the  difunce  P  P  is  in  the  feme  proportion 
-to  the  dilbnce  m  m,  as  the  diitance  A  F  to  the  diftaace 
BF,  on  which  the  magnifying  power  depends ;  ac- 
oacUoglyithe  magnifying  power  itfelf  difcovers  how 

many 
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many  times  the  fafdde  LP,  LP,  is  brcnider  than  the 
fafdde  no^noj  whidi  enters  into  the  eye^ 

VIL  Since,  then,  the  bfeadth  nn  or  oo  mtift  be 
one  line,  at  leaft  half  a  line,  the  aperture  of  the  ob- 
jedtive  lens  PP  xnuft  at  leaft  contain  as  many  half 
lines  as  the  magnifying  power  indicates ;  thus,  when 
the  tdefcope  is  to  magnify  loO  times,  the  aperture 
of  it's  objeAive  lens  muft  have  a  diameter  of  i  oo 
half  lines,  or  50  lines,  which  make  4  inches  and  2  ^ 
lines. 

Vin«  Tou  fee,  then,  that,  in  order  to  avoid  ob« 
icurity,  the  aperture  of  the  objeftive  lens  muft  be 
greater,  in  proportion  as  the  magnifying  power  is 
greater.  And,  confequendy,  if  the  objecUve  lens 
emj^yed  is  not  fufceptible  of  fuch  an  aperture,  the 
tdefcope  will  be  defeftive  in  refped  of  deamds  of 
repreientation. 

%  Hence  it  is  abundantly  evident,  that,  in  order  to 
magnify  very  greatly,  h  is  impoffiUe  to  employ 
fxnall  objeAives,  whofc  focal  diftanCe  is  too  ihort^  as 
a  leni  formed  by  the  arches  of  finall  drdes  cannot 
have  a  great  aperture. 

^  MarcA,  176a. 
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Aperture  of  ObjeSlhe  Lenfes. 

YOU  have  now  fccn  that  the  magnifying  power 
determines  the  fize  or  extent  of  the  objective 
lens^  in  order  that  objefts  may  ajipear  with  a  fuffi- 
degree-  of  dearnefs.    This  determination  re« 

C  c  2  ^^^&s» 
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fpecls  only  the  fize  or  aperture  of  the  objective  lens  j 
liowever  the  focal  diftance  is  affecled  by  it  likewilc, 
for  the  larger  the  lens  la,  the  greater  muft  be  it*« 
fociil  diihnce. 

The  reafon  of  this  is  evident,  as  in  order  to  form  a 
lens  whofe  focal  difljnce  is,  for  example,  two  inches, 
it's  two  furfaces  mutt  be  arches  of  a  circle  whofe  ra- 
Jius  tt>  likewife  about  two  inches :  I  have  therefore 
rqireiented  {^plale  IX.  Jig.  t.)  two  lenlbs  P  and  Q, 
the  arches  of  which  are  defcribed  with  a  radius  of 

.two  inches.  The  lens  P,  being tjie  thicker,  is  much 
greater  than  the  lens  Q;  but  I  Ihall  deinonftrate  after- 
wards that  thick  lenfcs  are  futg&ft  to  other  inconve- 
niencics,  and  thefc  fo  great  as  to  oblige  us  to  lay  them 
altogether  afide.  'i"he  lens  Q,  then,  will  be  found 
more  adapted  for  ufe,  being  compofed  of  finallcr 
arches  of  the  iame  circle ;  and  as  it!s  focal  dUbtme 

'1$  t%fo  inchesj  it's  extent  or  aperture  m  n  may  iicarcely 
exceed  one  inch.  Hence  this  may  be  laid  dtnm  as 
a  general  nsk,  that  the  focal  diftance  of  a  leDs:Knift 
always  be  twice  greater  than  the  diameter  of  ic'js 
aperture  m  n ;  that  is,  the  aperture  of  a  lens  mi^^af 
neceJIity,  be  ihiaUer  than  half  the  focal  diikmce.  .1 

Having  remarked*  then,  that  in  order  to  magnify 
100  times,  the  aperture  of  the  objciftive  lens  muft 
exceed  4  indies,itfoUows,  that  tbeiocal  diftance  muft 
exceed  8  inches  i  I  fliall  prefcntly  dcmonftrate  that 
the  double  is  not  fufficlent,  and  that  tfie  focal  diftance 

of  this  lens  muft  be  inc^eafed  beyond  sooiflcbfcs. 
The  (£fiindnefs  of  the  expreftion  of  At-hmg0.xc- 
qi))reB  this  great  tacfcafe,  as  fliall  -ftftetwards  Se 

.(^ewB)  I  lat^yjnyi^f  with  retoaifciagi^prdbat 

that 
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that  With  regard  to  the  geometrical  figure  of  the 
lens,  the  aperture  cannot  be  greater  than  half  it's 
focal  diftance. 

Here,  therefore,  I  fliall  go  fomewhat  more  into 
the  detail,  refpefting  the  opening  of  the  obje6Kve, 
which  every  magnifying  power  requires  :  and  I  re- 
mark, firft,  that  though  a  fufficient  degree  of  dear- 
ncb  requires  an  opening  of  four  inches,  when  the 
telefcope  is  to  magnify  i  oo  times,  we  £itisfy  our^ 
fdves,  in  aftronomical  inftruments,  with  one  of  three 
inches,  the  diminution  of  dearnefs  being  fcarcely 
perceptible.  Hence  artifts  have  laid  it  down  as  a 
rule,  that,  in  order  to  magnify  loo  times,  the  open- 
ing  of  the  objedive  lens  muft  he  three  inches,  and 
for  other  magnifying  powers  in  that  proportion. 
Thus,  in  order  to  magnify  50  times,  it  is  fuffidcnt 
that  the  opening  of  the  objedive  lens  be  an  inch  and 
a  half;  to  magnify  25  times,  three  quarters  of  an 
inch  fuffice,  and  fo  of  other  powers. 

Hence  we  fee  that  for  finall  magnifying  powers,  a 
very  fmall  opening  of  the  objeftive  lens  is  fuffident, 
and  that,  confequently,  a  moderate  focal  diflance  may 
anfwer.  But  if  you  wifhed  to  magnify  200  times, 
the  opening  of  the  objeftive  muft  be  fix  inches,  or 
half  a  foot,  which  requires  a  very  large  lens,  whofe 
focal  diftance  muft  exceed  even  100  feet,  in  order  to 
obtain  a  diftinft  and  exaft  expreflion.  For  this  rea- 
fon,  great  magnifying  pgwers  require  very  long  te- 
lefcopes,  at  leaft,  according  to  the  ufual  arrangement 
of  lenfes  which  I  have  explained.  But,  for  fome 
time  paft,  artifts  have  been  fuccelsfully  employing 

C  c  3  themfelves 
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themielves  in  (faniniOwng  tlat'cxecfivelaiglki*  Hi*' 
(^)eniog  of  the  objeQxve,  however,  iimAlicftnrlhe 
ruk  laid  down,  2S  deamefs  necefiarily  dqicadlKl  jt. 

Were  70U  delirons,  thearefaie,  of  lOMflrMfliiH  a 
tddcopc  which  flwuld  nufpniy4ao  ttOMHdie  <|MM> 
ing  of  the  ot^ediTc  lens  miU^  be  twdw  acles*  or  • 
fcxA,  let  the  ibcal  diflance  be  icndered  m  fiprfl  « 
you  wiU :  and  if  you  wiihcd  to  magnify  4,000  ^aot 
the  c^>cning  of  the  ob^c^re  nmft  be  ten  £eec,  a  VC17 
great  fize  indeed,  and  Coo  nnich  to  for  any  arttt  lo 
execute^  and  this  is  the  princqial  leafixi, wlqr «e 
can  never  hope  to  carry  the  magnifying  power  io 
fu,  unld^  &Hne  great  [vinoe  would  be  at  tbc  c& 
pcnfe  of  providing  and  executing  lenfes  of  foch  ma^ 
nitude }  and,  after  all,  perhaps,  they  would  not  fuc- 
ceed, 

A  telefcope,  however,  which  Ihouid  magnify  4,000 
times,  would  diicover  many  wonderful  things  in  the 
heavens-  The  moon  would  appear  4,000  times 
larger  than  to  the  naked  eye ;  in  other  words,  we 
Ihouid  fee  her  as  if  flie  were  4,000  times  nearer  to  us 
than  flie  is.  Let  us  enquire,  then,  to  what  a  degree 
wc  might  be  able  to  diftinguifli  the  different  bodies 
which  fhe  may  contain.  The  diftancc  of  the  moon 
from  the  earth  is  calculated  to  be  52,000  German 
miles  ;*  the  4,ocGth  part  of  which  is  13  miles  :  fuch 
a  telefcope  would,  accordingly,  fhewus  the  moon  as 
if  Ihe  were  only  13  miles  diilant ;  and,  confequcntly, 


•  For  the  proportion  of  ihclc  to  meafuKcirnl  in  Erglifli  mil«, 
fee  Vol.  I.  Lettet  1.  page  j- 
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we  fhould  be  enabled  to  difcover  in  her  the  fame 
things  which  we  diftihguifli  in  objedts  .removed  to 
the  fame  dillance.  Now,  from  the  top  of  a  moun- 
tain, we  can  eafily  difcern  other  mountains  more 
than  13  miles  diftant.  There  can  be  no  doubt,  then,  , 
that,  with  fuch  an  inftrument,  we  fhould  difcover  on 
the  furface  of  the  moon  many  things  to  fill  lis  with 
furprize.  But,  in  order  to  determine  whether  the 
moon  is  inhabited  by  creatures  fimilar  to  thofe  of  the 
earth,  a  diftance  of  1 3  miles  is  (till  too  great ;  we 
muft  have,  in  order  to  this  ei&d,  a  telefcope  which 
fhould  magnify  ten  times  more,  that  is  40,000  times, 
and  this  would  require  an  objective  lens  of  1 00  feet 
aperture,  an  entetprize  which  human  art  will  never 
be  able  to  exequte.  But,  with  fuch  an  inftrument, 
w^e  ihould  fee  the  moon  as  if  ihe  were  no  farther 
diftant  than  from  Berlin  to  Spandau,  and  good  eyes 
might  eafily  difcern  men  at  this  difiance,  if  any  there 
were,  but  too  indiftin£Uy,  it  muft  be  allowed,  to  be 
completely  aflured  of  the  faA. 

As  we  muft  reft  fatisfied  with  wiihing,  on  this  fiib- 
jed,  mine  ihould  be  to  have  at  once  a  teleicope  which 
ihould  magnify  100,000  times;*  the  moon  would 
then  appear  as  if  ihe  were  only  half  a  mile  diibnt. 

Tte  aperture  of  the  objeftive  lens  of  this  telefcope 
muft  be  250  feet,  and  we  ihould  fee,  at  leaft,  the 
larger  animals  which  may  be  in  the  moon. 

6tb  Mdrcb^  1762. 

*  Dr.  Herfchers  tclcfcopes  aftually  magnify  69500  timest     ■ 

I  ■ 
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lep  in  the  Exprejfton  :  On  tie  Space  of  Dlf. 
l/soned  by  the  Aperture  of  Ohje{live  Lcrtfet^ 
iered  as  thejlrjl  Source  of  Want  of  Di/lin6!' 
m  e  Reprefentation, 

DISTINCTNESS  of  expreffion  is  a  quality  of  fo 
much  importance  in  the  conftruclion  of  tele- 
fcopes,  that  it  feems  to  take  precedence  of  all  the 
others  which  I  have  been  endeavouring  to  explain; 
for  it  muft  be  allowed,  that  a  telefcope  which  does 
not  reprdent  diftinctly  the  images  of  objecb  muft  ba 
very  defective.  I  muft,  therefore,  unfold  the  reafons 
of  this  want  of  diilinftncfs,  that  \*c  may  apply  more 
fuccefcfully  to  the  means  of  remedying  it. 

Tliey  appear  fo  much  the  more  abfttufe,  that  the 
principles  hitherto  laid  down  do  not  difcover  the 
fourcc :  in  fact,  this  defeft  is  thus  to  be  accounted 
for,  one  of  the  principles  on  which  I  have  hitherto 
proceeded  is  not  ftriftly  true,  though  not  far  from 
the  truth. 

You  will  recoiled  that  it  has  been  I^d  down  as  a 
principle,  that  a  convex  lens  collefts  into  one  point 
of  the  image  all  the  rays  which  come  from  one 
point  of  the  objeft.  Were  this  ftriclly  true,  images 
feprefented  by  lenfes  would  be  as  diftindly  exprefled 
as  the  objeft  itfelf,  and  we  (hould  be  .under  no  ap- 
prebenfioa  of  defeft  in  regard  to  this. 

Hefe,  then,  lies  the  defeftivenels  of  this  principle ; 

lenfes 
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lenfes  have  the  property  now  afcribed  to  them  only 
around  their  centre ;  the  rays  which  pafs  through 
the  extremities  of  a  lens  colledi  in  a  different  point 
from  thofe  which  pafs  toward  the  centre,-  though  all' 
proceed  from  the  fame  point  of  the  objeft;  hence 
are  produced  two  different  images,  which  occafion 
indiflinftnefs. 

In  order  to  fet  this  in  the  clearefl  light,  let  us  con* 
fider  the  convex  lens  PP,  (plate  IX.  Jig.  ^.J  on  the 
axis  of  which  is  placed  the  objeA  £f,  of  which  the 
point  C,  fituated  upon  the  axis,  emits  the  rays  £N, 
EM,  EA,  EM,  EN,  to  the  furfece  qf  the  lens.  To 
the  diredion  of  thefe  rays,  as  changed  by  refradion, 
wc  mufl  now  pay  attention. 

I.  The  ray  EA,  which  pafTes  through  the  centt«e 
A  of  the  lens,  undergoes  no  refraAion,  but  proceeds 
forward  ifi  the  fame  direction,  on  the  firaight  fine 
ABF. 

II.  The  rays  EM  and  EM,  which  are  naureft  to 
the  firfl,  undergo  a  fmall  refraction,  by  which  they 
will  meet  with  the  axis  fomewhere  at  F,  which  b 
the  place  of  the  image  Yfj  as  has  been  explained  in 
fqme  of  my  preceding  letters  on  this  fubje£t 

III.  The  jrays  EN  and  EN,. which  are  more  remote 
from  the  axis  E  A,  and  which  pafs  toward  the  extre- 
mities NN  of  the  lens,  undergo  a  refradion  fomc-i 
what  different,  which  coUefts  them,  not  at  the  point 
F>  but  at  another  point  G  nearer  the  lens,  and  thefe 
fays  reprefent  another  image  G^*,  difierent  from  the 

m  F/ 

jy.  Let  us  now  carefully  attend  to  this  particular 

circumflanqe, 
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circumftancc,  not  hitherto  remarked ;  it  is  tliis,  that 
the  rays  pafling  through  the  lens,  toward  it's  extre- 
mities, reprefcnt' another  ima^c  G^,  than  what  is 
rcprefcnted  by  thofj  palling  near  the  centre  MAM. 

V.  If  the  rays  KN,  EN,  were  to  retire  ftill  farther 
from  the  ccritrc  A,  and  to  pals  through  the  points 
I'P  of  the  lens,  their  point  of  re-union  would  be  ftill 
nearer  to  the  lens,  and  would  form  a  new  image,  ; 
nearer  than  even  G^. 

VI.  Hence  you  will  eafiiy  perceive,  that  the  firft 
image  F/,  which  is  named  the  principal  image,  is 
formed  only  by  the  rays  which  are  almofl  infinitely 
near  the  centre  ;  and  that  according  as  the  rays  re- 
tire from  itj  toward  the  extremities  of  the  lens,  a 
particular  image  is  formed  nearer  the  lens,  till  thofe 
pafllng  clofe  to  the  extremities  form  the  iaft,  G^. 

Vii.  Ail  the  rays,  tJierefore,  which  pafs  tlirough 
the  lens  PP  reprefent  an  infinity  of  images  difpofed 
between.  F/  and  G^.;  and  at  every  diftance  from 
the  axis  the  refraction  of  the  lens  produces  a  parti-- 
cular  image,  fo  that  the  whole  fpace  between  F  and  G 
is  filled  with  a  feries  of  images. 

VIII.  This  feries  of  images  is  accordingly  deno- 
minated the  diffufion  of  the  image  ;  and  when  all 
thelc  rays  afterwards  enter  into  any  eye,  it  is  natural 
that  the  vifion  fliould  be  fo  much  dilhirbed,  as  the 
fpace  FG,  through  which  the  image  is  diffufed,  is 
more  confiderahle.  If  this  fpace  FG  could  be  re- 
duced to  nothing,  no  confufion  or  indiftin<^efs  need 
to  be  apprehended. 

IX.  The  greater  portions  of  their  refpective  circles 

that 
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• 

tliat  the  arches  PAP  and  PBP  are,  the  greater  like- 
wife  is  F  G  the  fpace  of  diflFiifion.  You  fee  a  good  • 
reafqn,  then,  for  rejecting  all  lenfes  of  too  great 
thickne^,  or  in  which  the  arches  which  form  the 
fiirfaces  of  the  lens  are  coniiderable  fegments  of  their 
circles ;  (as  in  plate  IX.  fg.  4.)  of  which  the  arches 
PAP  and  PBP  are  the  fourth  part  of  the  whole  cir- 
cumference, fo  that  each  contains  90  degrees ;  this 
would,  confequently,  produce  an  infuflferablc  coa. 
fufion. 

X.  The  arches,  then,  which  form  the  furfaces  of 
a  lens,  muft  contain  much  lefs  than  90  degrees :  if 
they,  contained  fo  much  as  60,  the  difiufion  of  the 
image  would  be  even  then  infupportable.  Authors 
who  have  treated  the  fubjeft,  admit  of  30  degrees 
at  moft :  and  fome  fix  the  boundary  at  ao  degrees. 
A  lens  of  this  laft  defcription  is  reprefented  by  jig.  5* 
oi plate  IX.  in  which  the  arches  PAP  and  PBP  con- 
tain only  <2o  degrees,  each  being  but  the  eighteenth 
part  of  the  whole  circumference  of  it's  re^divc 
circle* 

XI.  But  if  this  lens  were  to  fupply  the  {dace  of  the 
objective  in  a  telefcope,  the  arches  PAP  and  PBP 
muft  contain  ftill  many  degrees  lefs.  For,  though 
the  diffufion  of  the  image  be  perceptible  of  itfelf,  the 
piagnifying  power  multiplies  it  as  many  times  as  the 
object  is.  Therefore,  the  greater  the  magnifj-ing 
power  propofcd,  the  fewer  muft  be  the  number  of 
degrees,  which  the  furfaces  6f  the  lens  contain. 

XIL  When  the  telefcope  is  intended  to  magnify 
100  times,  you  will  recoUcft,  that  the  aperture  of. 

6  the 
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the  ol^eAive  lens  mufl  be  3  inches,  and  it's  focal 
(Uftance  360  inches,  wliich  is  equal  to  the  radii  with 
which  the  two  arches  PAP  and  PBP  are  defcribed  ; 
hence  it  follows  that  each  of  thcfc  two  arches  con- 
tains but  half  a  degree  ;  and  it  is  diftiiichjels  of  ex- 
preflion  which  requires  an  arch  fo  fmall.  If  it  were 
intended  to  magnify  200  times,  half  a  decree  would 
be  ftiil  too  much,  and  the  meafure  of  the  arch,  in 
that  cafe,  ought  not  to  exceed  the  third  part  of  a. 
degree.  This  arch,  however,  muft  receive  an  ex? 
tent  of  6  inches;  the  radius  of  t]ie  circle  muft,  there- 
fore, be  fo  much  greater,  and  confequently,  alfo  the 
focal  diftancc.  Fiiis  is  the  true  reafon  why  great 
magnifying  powers  require  telefcopcs  of  fuch  confi- 
derable  length. 
^Marcb,  1762. 

LETTER  XCIX. 

Diminution  of  the  Aperture  of  Lei  fa,  and  other  Means 
of  leffaning  the  Space  of  Difufiony  till  it  is  reduced  to 
nothing. 

"TXTHEN  the  fpace  of  an  objccUve  lens  is  too 
V  V  great  to  admit  of  diilinclnefs  of  cxpreflion, 
it  may  be  very  eafily  remedied :  you  have  only  to 
cover  the  lens  with  a  circle  of  pafteboard,  leaving 
■  an  opening  in  the  centre,  fo  that  the  lens  may  tranf- 
mit  no  other  rays,  but  thofe  which  fall  upon  it 
through  the  opening,  and  that  thofe  which  before 
paffed  through  the  extremities  of  the  lens  may  be  ex. 

eluded  J 
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duded ;  for  as  no  rays  are  tranfinitted  but  through 
the  middle  of  the  lens,  the  finaller  the  opening  is^  the 
iinaller  likewife  will  be  the  fpace  of  difiuiion.  Ac- 
cordingly, by  a  gradual  diminution  of  the  openings 
the  fpace  of  difiufion  may  be  reduced  at  pleafure. 

Here  the  cafe  is  the  fame  as  if  the  lens  were  no 
larger  than  the  opening  in  the  pafteboard,  thus  the 
covered  part  becomes  ufeleis,  and  the  opening  de- 
termines the  fize  of  the  lens ;  this  then  is  the  remedy 
-employed,  to  give'objeftive  lenfes  any  given  extent. 

PP  is  the  objeftive  lens  {plate  IX.  fig.  6.)  before 
which  is  placed  the  pafteboard  NN,  having  the  open- 
ing M  M,  which  is  now  the  extent  of  the  lens.  This 
opening  MM  is  here  nearly  the  half  of  what  it 
would  be,  were  the  pafteboard  removed ;  the  fpace 
pf  difiufion  is,  therefore,  much  (mailer.  It  is  re- 
marked, that  the  fpace  of  difiufion,  in  this  cafe,  is 
only  the  fourth  part  of  what  it  was  before.  An 
opening  M  M,  reduced  to  a  third  of  PP,  would  ren- 
der the  fpace  of  difiufion  nine  times  lefs.  Thus  the 
€flFe&  of  this  remedy  is  very  confiderable ;  and  on 
covering  the  extremities  of  the  lens  ever  fo  little,  the 
efieft  of  it  becomes  perceptible. 

If,  therefore,  a  telefcope  labours  under  this  defefb, 
that  it  does  not  reprefent  obje^  fufficiently  cUitind, 
as  a  ieries  of  images  blended  together  muft  of  ne- 
ceffity  produce  confiifion,  you  have  only  to  contraft 
the  aperture  of  the  objective  lens  by  a  covering  of 
|Mfteix>ard  fuch  as  I  have  defcribed,  and  this  confu- 
fion  win  UE^alliUy  difappcar.    But  a  defedlr. equally 

embarrafiing 
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embarr.ifling  is  the  coufequence,  the  degree  of  brigbt* 
ners  U  duniniflisd.  You  will  recoUcft  that  every 
degree  ot  the  mug^fyinp;  power  requires  a  ccruin 
aperture  of*  the  objective  lens,  diat  as  many  rays  may 
be  traiiiiniUed  as  are  neceffar)'  to  procure  a  fuflicient 
iUuminaiion.  It  is  vexatious,  therefore,  in  curing 
one  defeft,  to  fall  into  another  ;  and  in  order  to  the 
conftruiSion  of  a  very  good  telefcope,  it  is  abfolutely 
neceffiry  that  there  fiiould  be  fufficient  brightnefs  of 
illumination,  without  injuring  diftindncfs  in  the  re- 
prefentation. 

But  can  there  be  no  method  of  diminifhing,  nay 
of  totally  reducing,  the  fpace  of  diffuJion  of  objective 
lenfes,  wiliiout  diminilhing  the  aperture  ?  This  is  the 
great  enquiry  which  has  for  fome  time  part  engaged 
the  attention  of  the  ingenious,  and  the  folution  of 
which  promifes  fuch  a  field  of  difcovery  in  the  fdencc 
of  dioptricks.  I  Ihall  have  the  honour,  at  leafi,  d 
laying  befors  you,  the  means  which  fcie&tific  men 
hive  fuggefted  for  this  purpofe. 

As  the  focus  of  the  rays  which  pais  through  tbt 
middle  of  a  convex  lens  is  more  diflant  from  the 
lens,  than  the  focus  of  the  rays  which  pa&  throu^ 
the  extremities,  it  has  been  remarked  that  concave 
lenfes  produce  a  contrary  eSed.  This  has  fuggefted 
the  enquiry,  whether  it  might  not  be  poffible  to  coib- 
bine  a  convex  with  a  concave  lens  in  fuch  a  maimer^ 
that  the  fpace  of  difiiifion  (houJd  be  entirely  annihfr 
lated  i  while,  in  other  refpeds,  this  compound  lesf 
fhould  produce  the  fame  efie^  as  an  ordinary  fin^ 
objective  ? 
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objcftive  ?  You  know  that  concave  lenfes  are  mea- 
fured  by  their  focal  diftance  as  well  as  thole  which, 
are  convex ;  with  tliis  difference,  that  the  focus  of 
the  concave  is  only  imaginary,  and  falls  before  the 
lens,  whereas,  the  focus  of  convex  lenfes  is  real,  and 
falls  behind  them.  Having .  made  this  remark,  wc 
reafon  as  follows : 

L  If  we  place  (plate  IX.  fg.  7.)  behind  a  convex 
lens  P  A  P,  a  concave  one  Q  B  Q  of  the  fame  focal 
diftance,  the  rays  which  the  convex  lens  would  col- 
lect in  it's  focus  will  be  refracted  by  the  concave,  fo 
that  they  will  again  become  parallel  to  each  other,  as 
they  were  before  pailing  through  the  convex  lens. 

II.  In  this  caie,  therefore,  the  concave  lens  deftroys 
the  effed  of  the  convex,  and  it  is  the  fame  thing  as 
if  the  rays  had  proceeded  in  their  natural  dirqAion, 
without  undergoing  any  refradion.  For  the  con- 
cave lens  having  it's  focus  at  the  fame  point  F,  re* 
flores  the  paralleUfm  of  the  rays,  which  would  othcr-^ 
wife  have  met  at  the  point  F. 

III.  If  the  focal  diftance  of  the  concave  lens  were 
fmaller  than  that  of  the  convex,  it  would  produce  a 
greater  efiedt,  and  would  render  the  rays  divergent, 
as  in  fg.  8.  of  plate  IX :  the  incident  parallel  rays 
L  M,  £  A,  L  M,  pailing  through  the  two  lenfes, 
wo\Ud  affume  the  diredions  N  O,  B  F,  N  O,  which 
are  divergent  from  each  other.  Thefe  two  lenfes 
together  produce,  therefore,  the  fame  effeft  as  a 

.fimple  concave  lens,  which  would  imprefs  on  the 
:  incident  parallel  rays  the  fame- divergence.  Two 
.iiich  lenfes  joined  together,  of  which  the  concave  has 
.   ■  _  a  fmaller 
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a  Inulkr  focal  difUnce  than  the  convex,  are  therc' 
fore  equivalent  to  a  simple  concave  lens. 

IV.  But  if  the  concave  lens  Q  Q  ("fiiatf  IX-^g.  9.) 
has  a  greater  foca)  diftance  than  the  convex  lens  P  P, 
it  is  not  even  fuflicient  to  render  parallel  to  each 
other  the  rays  which  the  convex  lens  by  itfelt  would 
colled  ill  it's  focus  F :  thefe  rays,  therefore,  continue 
convergent,  but  their  convergence  will  be  diminiihcd 
by  tlie  concave  lens,  fo  that  the  rays,  inllead  of  meet- 
ing in  the  point  F,  will  meet  in  the  more  difiiat 
point  O. 

V.  Thefe  two  Icnfes  joined  together  will  produce, 
ihrn,  the  fame  effect,  as  a  iimple  convex  lens  which 
fliould  have  it's  focus  at  O,  as  it  would  collect  the 
parallel  rays  L  M,  E  A,  L  M,  equally  in  the  fame 
point.  It  is  therefore  evident  that  two  Icnfes  may 
be  combined  an  infinite  variety  of  ways,  die  one  be- 
ing convex  and  the  other  concave,  fo  that  their  com- 
bination Ihall  be  equivalent  to  a  given  convex  km. 

VI.  Such  a  double  objective  lens  may,  therefore, 
be  employed  in  the  ct)nftrudion  of  tdefcopes,  inftead 
of  the  fimpic  to  which  it  is  equivalent ;  aiid  the  ef- 
fe&.,  as  to  the  magnifying  power,  will  be  juft  tiK 
feme.  But  the  fpacc  of  diffufion  will  be  quite  dif- 
ferent, and  it  may  happen  to  be  greater  or  lels  than 
that  of  2  fimple  objcftive,  and  in  this  h&  cafe,  the 
double  objective  will  be  greatly  prefo^e  to  the 
fimple. 

VII.  But  farther,  it  has  been  found  poffiUe  to  W- 
irange  two  fucli  lenfes  fo  that  the  fpace  of  difiuficw  is 
reduced  abfolutely  to  notliing,  which  is,  tmdmibt- 

«dly. 
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ccdour  is  attached  to  a  certain  number  of  vibratioiuu 
But  fuppofii^  that  this  explanation  ihould  fiiU  zip- 
pear  doubtful,  it  is  beyond  all  doubt,  that  rays  of 
different  colours  likewife  undergo  diflferoat  rcfrao 
tions  in  their  paflage  from  one  traniparent  medium 
to  another;  tlius  red  rays  undergo  the  leaft  refrac* 
tkm,  and  violet  the  greateft,  thou^  the  difficrence  b 
almofl:  imperceptible.  Now,  all  the  other  colours,  as 
QVange,  yeUow,  green,  and  blue,  are  contained,  with 
refped  to  re£ra6tion,  within  thefe  two  limits.  It 
muil  likewiie  be  remarked  that  white  is  a  mixture 
of  aU  the  colours,  whidi,  by  refradion,  are  feparated 
from,  each  othen 

In  fad,  when  (plate  IX^fig.  la.)  a  white  ray  OP^ 
m  a  ray  of  the  fun,  falls  obliquely  on  a  piece  of  ^als 
AB  C  D,  inftead  of  purfuing  it's  courfe  in  the  direc* 
tion  P  Q,  it  not  only  deviates  from  this,  but  divides 
into  a  variety  of  rays  Pr,  P/,  P/,  P  v;  the  firft  of 
which  P  r,  the  one  that  deviates  leaft,  reprefents  the 
red  cdour,  and  the  laft  P  t^,  which  deviates  moft,  the 
violet  colour.  The  difperlion  rv  \&  indeed  much 
finaller  than  it  appears  in  the  figure ;  the  divergence, 
however,  always  becomes  more  perceptible. 

From  this  different  refrangibility  of  rays,  accord-* 
ing  to  their  different  colours,  are  produced  the  fol- 
lowing phenomena,  with  refpedt  to  dioptrick  glafles. 

L  Let  PP  (plate  IX.  ^g.  13.)  be  a  convex  lens,  on 
the  axis  of  which  O  R,  at  a  very  great  difbnce  A  O, 
is  the  objeft  O  Oy  the  image  of  which,  as  reprefented 
by  the  lens,  we  are  to  determine,  putting  afide,  here, 
the  firft  irregularity,  that  which  refpeds  diffixfion,  or, 

which 
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ilruft  telcfcopes  incomparably  ihoitcr,  yet  poflefiitig 
the  fame  magnil^'inp;  power. 

When,  employing  a  fingle  objeciive,  you  want  to 
magnify  a  hundred  times,  the  focal  dJiiance  cannot 
be  lefe  than  thirty  feet,  and  the  length  of  the  teie- 
fcope  becomes  flill  greater  on  account  of  the  ocular 
lens,  whole  focal  diftancc  muft  be  added ;  a  (inafl 
objeflive  would  produce,  from  it's  greater  fpace  of 
diffijfion,  an  intolerable  confiifion.  But,  a  length  of 
thirty  feet  is  not  only  very  incommodious,  but  ar* 
tifts  feldom  fuccced  in  forming  Icnfcs  of  fo  great  2 
focal  diftancc.  You  will  readily  perceive  the  reafoa 
of  this  :  for  the  radius  of  the  furfaces  of  fuch  a  lens 
muft  likcwife  be  thirty  feet,  and  it  is  very  difficult  to 
defcribe  exafUy  fo  great  a  drde,  and  the  fl^hteft 
aberration  renders  all  the  labour  ufelefc. 

Acddents  of  this  fort  are  not  to  be  apprehended 
in  the  conftnidion  of  compound  objeciive  lenies, 
which  may  be  formed  of  finaller  circles,  provided 
they  are  fufceptiblc  of  the  aperture  which  the  mag> 
nifj'ing  power  requires.  Thus,  in  order  to  magniiy 
one  hundred  times,  we  have  feen  that  the  aperture 
of  the  objective  lens  muft  be  three  inches  j  but  it 
would  be  eafy  to  confcru£t  a  compound  objective 
whofe  focal  diftance  fhould  be  only  one  hundred 
inches,  and  which  could  admit  an  aperture  of  more 
than  three  inches  :  therefore,  as  the  focal  dHlance  of 
the  ocular  muft  be  one  hundred  times  fmaller,  it 
would  be  on«  inch ;  and  the  interval  between  the 
lenfes  ^  *   '    n  of  their  focal  diftances,  the 

ild.'be  only  one  hundred 
and 
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2nd  one  inches,  or  eight  feet  five  inches,  which  is  far 
Ihort  of  thirty  feet. 

But  it  appears  to  me,  that  a  compound  obje6Kve, 
whofe  fbcal  diibmce  fliould  be  fifty  inches,  might 
eafily  admit  an  aperture  of  three  inches,  and  even 
more :  takmg  then  an  ocular  of  half  an  inch  focus, 
you  will  obtain  the  lame  nfiagnifying  power  of  one 
hundred  times,  and  the  length  of  the  tdefcope  will 
be  reduced  one  half,  that  is  to  four  feet  and  lefs  than 
three  inches.  Such  a  tdefcope,  then,  would  produce 
the  fame  eflfeft  as  a  conunon  one  of  thirty  feet,  which 
is  afluredly  carrying  it  as  far  as  need  to  be  wifhed. 

If  fuch  a  compound  obje^ve-  could  be  made  to 
anfwer,  you  would  only  have  to  double  all  thefe 
meafurements  in  order  to  have  one  which  ihould  ad* 
mit  an  aperture  of  fix  inches,  and  this  might  be  em* 
ployed  to  magnify  two  hundred  times,  making  ufe 
of  an  ocular  of  half  an  inch  focus,  as  the  two  hun- 
dredth part  of  the  fdcal  diftance  of  the  objeftive, 
which  would,  in  this  cafe,  be  one  hundred  inches* 
Now,  a  common  tdefcope  which  fhould  magnify  two 
hundred  times,  mufl:  exceed  one  hundred  feet  in 
length ;  whe/'eas  this  one,  which  is  conflrufted  with 
a  compound  otjeftive,  is  reduced  to  about  eight  feet, 
and  is  perfeftly  accommodated  to  ufe,  whereas  a  te- 
kfbope  of  one  hundred  feet  long  would  be  an  un- 
widdy  and  almofl  ufelefs  load. 

The  fubjed  might  be  carried  fHll  mu^  farther, 
and  by  ggain  doubling  the  meafurements,  we  might 
have  a  compound  objeftive  whofe  focal  diflance 
Ihottid  be  two  hundred  inches,  or  fixteen  feet  dgfat 

D  d  2  inches. 
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iuchcs,  which  fliould  admit  of  an  aperture  of  twdvc 
inches  or  one  foot :  taking,  then,  an  ocular  of  half 
an  inch  focus,  as  two  hundred  inches  contain  four 
hundred  half  inches,  we  fiiould  have  a  telefcope  ca- 
pable of  magnifying  four  hundred  times,  and  ftill 
abundantly  jnana-reable,  being  under  feventeen  feet ; 
whereas  were  wc  to  attempt  to  produce  the  fame 
magnifying  power  with  a  limple  objeftive  lens,  the 
length  of  thu  telefcope  niuft  exceed  three  hundred 
feet,  and  confcqucntly  could  be  of  no  manner  of  ufc, 
on  account  ot  that  enormous  fize. 

They  have  at  Paris  a  telefcope  one  hundred  and 
twenty  feet  long,  and  one  at  London  of  one  hundred 
and  thirty  feet ;  but  tlic  dreadful  trouble  of  mount- 
ing, and  pointing  them  to  the  objeft,  almoft  annihi- 
lates the  advantages  expected  from  them.  From  this 
you  will  conclude  of  what  importance  it  would  be 
to  fucceed  in  the  conftruftion  of  the  compound  lenfes 
which  1  have  been  defcribing.  I  fuggefted  the  firft 
idea  of  them  feveral  years  ago,  and  fince  then,  artifis 
of  the  grcateft  ability  in  England  and  France  have 
been  attempting  to  execute  them.  Repeated  efforts, 
and  fmgular  IkiU,  in  the  artift,  are  undoubtedly  re- 
quifitc.  Indeed,  I  have  made,  with  the  affiftance  of 
an  able  mechanician  of  our  Academy,  fome  not  un- 
iuccefbful  attempts,  but  the  expence  attending  fuch 
an  cntcrprizc  has  obliged  me  to  give  it  up. 

Hut  the  Royal  Society  of  London  laft  year  an- 
nounced, that  an  eminent  artift,  of  the  name  of  Dd- 
iond.  iiad  fortunately  fucceedcd  ;  and  his  telefcopes 
arc  now  univcrfaily  atlmired.   An  able  artift  of  Paris, 

named 
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named  Paflament,  boafis  of  a  fimilar  fuccefs.  Both 
thefe  gentlemen  did  me  the  honour,  fome  time  ago, 
to  correfpond  with  me  on  the  fubjeft ;  but  as  the 
point  in  queftion  was  chiefly,  how  tp  furmount  cer- 
tain great  difficulties  in  the  pradical  jjart,  which  I 
never  attempted,  it  is  but  £iir  that  I  ihould  relinquiih 
to  them  the  honour  of  the  difcovery.  The  theory 
alone  is  my  province,  and  it  has  coft  me  much  pro- 
found refearch,  and  many  painful  calculations,  the 
very  fight  of  which  would  terrify  you.  I  fliall  there- 
fore  take  care  not  to  perplex  you  fiirther  \vdth  this 
^bftrufe  enquiry. 

idtb  March ^  \^t%m 
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Formation  of  Simple  Objedive  Lenfcs. 

IN  order  to  give  you  fome  idea  of  the  refearches 
which  led  me  to  the  conftruftion  of  compound 
objeftive  lenfes,  I  miift  begin  with  the  formation  of 
the  fimple  lens. 

Obferve,  firft,  that  the  two  furfaces  of  a  lens  may 
be  formed  in  an  infinity  of  different  ways,  by  taking 
circles  of  which  the  furfaces  are  fegments,  either 
equal,  or  unequal  to  each  other,  the  focal  difi:ance, 
however,  remaining  always  the  fame. 

The  fame  figure  is  ufually  given  to  both  furfaces 
of  a  lens,  or,  as  the  furfaces  of  a  lens  are  reprefented 
by  arches  of  a  circle,  both  furfaces  are  formed  with 
radii  equal  to  each  other.    Facility  of  execution  has, 

D  d  3  undoubtedly. 
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drcumftance,  not  hitherto  remarked;  it  Is  this,  that 
the  rays  paflin^  through  the  kns,  toward  it's  extre- 
mities, reprefenf  another  imai^c  G^,  than  what  ts 
rcprefcnted  by  thof^j  palling  near  the  centre  MAM. 

V.  If  the  rays  EN,  F.N,  were  to  retire  ftill  farther 
from  the  centre  A,  and  to  pafs  throuc^h  the  points 
PP  of"  the  luns,  tlicir  poiirt  of  re -union  would  be  ftill 
nearer  to  the  lens,  and  would  form  a  new  image, 
nearer  than  even  G  g. 

VI.  Hence  you  will  cafily  perceive,  that  the  firft 
image  F^  which  is  named  the  principal  image,  is 
formed  only  by  the  rays  whicli  are  ahnoft  infmiteljr 
near  the  centre  ;  and  that  according  as  the  rays  re-' 
tire  from  it,  toward  the  extremities  of  the  lens,  a 
particular  Image  is  funned  nearer  tiie  lens,  till  thofe 
palling  clofe  to  the  extremities  form  the  laft,  Gg. 

VIi,  All  the  rays,  tJierefore,  which  pafs  through 
the  lens  PP  reprefent  an  infinity  of  images  difpofed 
between-  F/  and  G^.;  and  at  every  diftance  from 
the  axk  the  refraction  of  the  lens  produces  a  parti-- 
cular  image,  fo  that  the  whole  fpace  between  F  and  G 
is  filled  with  a  leries  of  images, 

VIII.  iTiis  feries  of  images  is  accordingly  dencK 
mtnated  the  diffufion  of  the  image ;  and  when  all 
thele  rays  afterwards  enter  into  any  eye,  it  is  natural 
that  the  vifipn  fliould  be  fo  much  difturbed,  as  the 
fpace  FG,  through  which  the  image  is  difliifed,  is 
more  confideralJe.  If  this  fpace  FG  could  be  re- 
duced to  nothing,  no  confulion  or  indiftinftnefs  need 
to  be  apprehended.  * 

IX.  The  gireater  portions  oi  their  refpec^ive  circles 

that 
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tliat  the  arches  PAP  and  PBP  are,  the  greater  like- 
wife  is  FG  the  fpace  of  difiuiion.  You  fee  a  good* 
reafqn,  then,  for  rejecHng  all  lenfes  of  too  great 
thicknefs,  or  in  which  the  arches  which  form  the 
ibrfaces  of  the  lens  are  confiderable  fegments  of  their 
drcles ;  (as  in  plate  IX.  fg.  4.)  of  which  the  arches 
PAP  and  PBP  are  the  fourth  part  of  the  whole  cir- 
cumference, fo  that  each  contains  90  degrees ;  this 
MD3uld,  confequendy,  produce  an  infuflferablc  cou» 
fiifion. 

.  X,  The  arches,  then,  which  form  the  furfaces  of 
a  lens,  muft  contain  much  lefs  than  90  degrees :  if 
they,  contained  fo  much  as  60,  the  difiufion  of  the 
image  would  be  even  then  infupportable.  Authors 
who  have  treated  the  fubjeft,  admit  of  30  degrees 
at  moft :  and  fome  fix  the  boundary  at  20  degrees. 
A  lens  of  this  laft  defcription  is  reprefented  by^ir^.  5* 
oi plate  IX.  in  which  the  arches  PAP  and  PBP  con- 
tain only  20  degrees,  each  being  but  the  eighteenth 
part  of  the  whole  circumference  of  it's  re^divc 
drcle^ 

XL  But  if  this  lens  were  to  fupply  the  |dace  of  the 
objective  in  a  telefcope,  the  arches  PAP  and  PBP 
muft  contain  ftill  many  degrees  lefs.  For,  though 
the  difiufion  of  the  im<^  be  perceptible  of  itfelf,  the 
juagnify^ing  power  multiplies  it  as  many  times  as  the 
objecl  is.  Therefore,  the  greater  the  magnifying 
power  propofcd,  the  fewer  muft  be  the  number  of 
4egrees,  which  the  furfiices  6f  the  lens  contain. 

XII.  When  the  telefcope  is  intended  to  magnify 
J  00  times,  you  will  recoUeft,  that  the  aperture  of. 

6  the 
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the  objcftive  lens  muft  be  3  inches,  and  it's  focal 
djftance  360  indies,  which  is  equal  to  the  radii  with 
which  the  two  arches  PAP  and  PBP  are  defcribed  ; 
hence  it  follows  that  each  of  tlicfe  two  arches  con- 
tains but  half  a  degree  ;  and  it  is  diftinclceis  of  ex-' 
preflion  which  requires  an  arch  fo  fmall.  If  it  were 
intended  to  magnify  200  times,  half  a  degree  would 
be  ftill  too  much,  and  the  meafure  oi  the  arch,  in 
that  cafe,  ought  not  to  exceed  the  third  part  of  a 
degree.  This  arch,  however,  muft  receive  an  esr 
tent  of  6  inches;  the  radius  of  tjie  circle  muft,  there- 
fore, be  fo  much  greater,  and  confequently,  alfo  the 
focal  diftance.  'I'iiis  is  the  true  reafon  why  great 
magnifying  powers  require  telefcopes  of  fuch  conit- 
derable  length. 
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piminiiiion  of  the  Aperture  of  Lenfcs-,  and  ether  Meant 
of  UJining  the  Space  of  Diffufton,  till  it  is  reduced  to 
nothing. 

WHEN  the  fpace  of  an  objective  lens  is  too 
great  to  admit  of  dirtinctnefs  of  expreflion. 
It  mav  be  very  eaiily  remedied :  you  have  only  to 
cover  the  lens  with  a  drcle  of  paftieboard,  leaving 
an  opening  in  the  centre,  fo  that  the  lens  may  tranf- 
mit  no  other  rays,  but  thofe  which  fall  upon  it 
through  the  opening,  and  that  thofe  which  before 
paired  through  the  extremities  of  the  lens  may  be  ex- 

duded  i 
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duded ;  for  as  no  rays  are  tranfmitted  but  through 
the  middle  of  the  lens,  the  fmaller  the  opening  is,  the 
£aialler  likewiie  will  be  the  fpace  of  difiuiion.  Ac- 
cordingly, by  a  gradual  diminution  of  the  openings 
the  fpace  of  difiiifion  may  be  reduced  at  pleafure. 

Here  the  cafe  is  the  fame  as  if  the  lens  were  no 
larger  than  the  opening  in  the  pafteboard,  thus  the 
covered  part  becomes  ufelefs,  and  the  opening  de- 
termines the  fize  of  the  lens ;  this  then  is  the  remedy 
-employed,  to  give'objedive  lenfes  any  given  extent. 

PP  is  the  objeftive  lens  {plate  IX.  fig.  6.)  before 
which  is  placed  the  pafteboard  NN,  having  the  open- 
ing M  M,  which  is  now  the  extent  of  the  lens.  This 
opening  MM  is  here  nearly  the  half  of  what  it 
'would  be,  were  the  pafteboard  removed ;  the  fpace 
pf  difiuiion  is,  therefore,  much  fmaller.  It  is  re- 
marked, that  the  fpace  of  difiuiion,  in  this  cafe,  is 
only  the  fourth  part  of  what  it  was  before.  An 
opening  M  M,  reduced  to  a  third  of  PP,  would  ren- 
der the  fpace  of  difiufion  nine  times  lefs.  Thus  the 
eflFeiEl  of  this  remedy  is  very  confiderable ;  and  on 
covering  the  extremities  of  the  lens  ever  fo  little,  the 
effeSb  of  it  becomes  perceptible. 

If,  therefore,  a  telefcope  labours  under  this  defeft, 
that  it  does  not  reprefent  objects  fufficiently  cCfUnft, 
as  a  ieries  of  images  blended  together  muft  of  ne- 
ceffity  produce  confufion,  you  have  only  to  contract 
the  aperture  of  the  objedive  lens  by  a  covering  of 
pafteboard  fuc^  as  I  have  defcribed,  and  this  co^tifu- 
fion  wiU  infallibly  dtfappear.    But  a  defed .  equally 

embarrafting 
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fmbarrii^nf;  is  thcconfequence,the  degree  of  f>rig{i(* 
ncfs  is  dlminiflisd.  You  will  recolle£J:  that  every 
degree  oi  the  magnlfj'ing  power  requires  a  certain 
fiperturc  ot  the  olijcctivc  kns,  that  as  many  rays  may 
be  trauliTiitlcd  as  are  necefliiry  to  procure  a  fufficient 
iUu  mi  nation.  It  is  vexatious,  therefore,  in  curing 
one  defect,  to  fall  into  another ;  and  in  order  to  the 
conftructlon  of  a  very  good  tclefcope,  it  is  abfolutdy 
neccflary  that  tlicrc  thould  be  fulficient  brightnefs  of 
illuminaiion,  williout  injuring  difrinchieis  in  the  re- 
prefentation. 

But  can  there  be  no  method  of  diminifhing,  nay 
of  totally  reduL'ing,  the  fpacc  of  diiftilion  of  objective 
knfes,  without  diminifliing  the  aperture  ?  This  is  the 
great  enquiry  wliich  has  for  feme  time  paft  engaged 
the  attention  of  the  ingenious,  and  the  folution  a£ 
which  promifes  fuch  a  fietd  of  difcovery  in  the  fdence 
of  dioptricks.  I  fhall  have  the  honour,  at  leafi,  c£ 
laying  before  you,  the  means  which  fcieQtific  men 
h^ve  fujfgefted  for  this  purpofc.  ■ 

As  the  focus  of  the  rays  which  pais  through  the 
middle  of  a  convex  lens  is  more  diftant  from  the 
lens,  than  the  focus  of  the  rays  which  pa£  through 
the  extremities,  it  has  been  remarked  that  concave 
lenies  produce  a  contrary  effeft  This  has  fuggefted 
the  enquiry,  whether  it  might  not  be  pollible  to  com^ 
bine  a  convex  with  a  concave  lens  in  fuch  a  manncTt 
that  the  fpace  of  diffufion  {hould  be  entirely  annih^ 
lated }  while,  in  other  refpet^,  this  compound  leaf 
fitould  produce  the  &me  eHe€t  as  an  ordinary  iinq^ 
obje&ive  ? 
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objcftive  ?  You  know  that  concave  lenfes  are  mea- 
fured  by  their  focal  diftance  as  well  as  thole  which 
are  convex ;  with  this  difference,  that  the  focus  of 
the  concave  is  only  imaginary,  and  falls  before  the 
lens,  whereas,  the  focus  of  convex  lenfes  is  real,  and 
falls  behind  them.  Having .  made  this  remark,  we 
reafon  as  follows : 

L  If  we  place  (plate  IX.  fg.  7.)  behind  a  convex 
lens  P  A  P,  a  concave  one  Q  B  Q  of  the  fame  focal 
diftance,  the  rays  which  the  convex  lens  would  coi- 
led in  it's  focus  will  be  refirafted  by  the  concave,  fo 
that  they  will  again  become  parallel  to  each  other,  as 
they  were  before  pafling  through  the  convex  lens. 

II.  In  this  cafe,  therefore,  the  concave  lens  deftroys 
the  effed  of  the  convex,  and  it  is  the  fame  thing  as 
if  the  rays  had  proceeded  in  their  natural  diredion, 
without  undergoing  any  refradion.  For  the  con- 
cave lens  having  it's  focus  at  the  fame  point  F,  re* 
fiores  the  parallelifm  of  the  rays,  which  would  other- 
wife  have  met  at  the  point  F. 

III.  If  the  focal  diftance  of  the  concave  lens  were 

fmaller  than  that  of  the  convex,  it  would  produce  a 

greater  efied,  and  would  render  the  rays  divergent, 

as  in  fg.  8.  of  plate  IX :  the  incident  parallel  rays 

L  M,  £  A,  L  M,  paiTmg  through  the  two  lenfes, 

woxUd  afluxne  the  diredions  N  O,  B  F,  N  O,  which 

are  diy^srgent  from  each  other.    Thefe  two  lenfes 

together  produce,  therefore,  the  fame  effeft  as  a 

.fimple  concave  lens,  which  would  imprefs  on  the 

.incident  p^allel  rays  the  fame- divergence.      Two 

.fuch  lenfes  joined  together,  of  which  the  concave  has 

a  fmaller 
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ocal  diftance  than  the  convex,  are  there- 
lent  to  a  iiinple  concave  lens, 
if  the  concave  lens  Q  Q  (plate  IS.j!^.  9,) 
]  :r  focal  diftance  than  the  convex  lens  P  P, 

it        lot    :ven  fuflicient  to  render  parallel  to  each 
oth  :  rays  which  the  convex  lens  by  itlelt  would 

Ci       fi  in  it's  focus  F :  thcfe  rays,  therefore,  continue 
coi  ,,  but  their  convergence  will  be  diminilhed 

cone      ;  Icni      )  :  rays,  inftead  of  meet- 

the  point  me  t  in  the  more  diftant 

V.  Tl  two  Icnfes  joini  together  will  produce, 
then,  I       fame  effect,  as  a  iimple  convex  lens  which 

)■  have  it's  focus  at  O,  as  it  would  coUe&  the 
1  rays  L  M,  E  A,  L  M,  equally  in  the  fame 
f  .  It  is  therefore  evident  that  two  lenfes  may 
be  combined  an  infinite  variety  of  ways,  die  one  be- 
ing convex  and  the  other  concave,  fo  that  thdr  com- 
bination fhall  be  equivalent  to  a  given  convex  lens. 

VI.  Such  a  double  objective  lens  may,  therefore, 
be  employed  in  the  conftruflion  of  telefcc^s,  inftead 
of  the  fimple  to  which  it  is  equivalent ;  ahd  the  ef- 
feft,  as  to  the  magnifying  power,  will  be  juft  the 
lame.  But  the  fpacc  of  diffufion  will  be  quite  dif- 
ferent, and  it  may  happen  to  be  greater  or  U£&  than 
that  of  a  fimple  objeftive,  and  in  this  hft  cafe,  the 
double  objective  will  be  greatly  preferaUe  to  tfce 
fimple. 

VII.  But  farther,  it  has  been  found  pofliUe  to  ar- 
irange  two  fuch  lenfes  fo  that  the  fpace  of  difiufi(Hi  is 
reduced  abfolutely  to  nothing,  which  ia,  undoubt- 
edly. 
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cdly,  the  greateft  advantage  pofiible  in  the  conftruc*. 
tion  of  telefcopes.  Calculation  enables  us  to  deter* 
mine  this  arrangement,  but  no  artift  has  hitherto 
been  found  capable  of  i^educing  it  to  pradice. 

ilih  Marchf  1762. 
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Of  Compound  Objeilive  Lenfes* 

THE  combination  of  two  lenfes,  of  which  I  have 
now  given  the  idea,  is  denominated  a  com* 
pound  objeftive  2  the  end  propofed  from  them  is^ 
that  all  the  rays,  as  well  as  thofe  which  pafs  through 
the  extremities  of  a  lens,  as  thofe  which  pals  through 
the  middle,  ihould  be  collefted  in  a  fingle  point,  fo 
that  only  one  image  may  be  formed,  without  dififu- 
fion,  as  in  fimple  objedives.  Could  artifts  fucceed 
in  effefting  fuch  a  conftruftion,  very  great  advan* 
tages  would  refult  from  it,  as  you  fhaU  fee. 

It  is  evident,  firft,  that  the  reprefentation  of  ob- 
jc£b  muft  be  much  more  diftinft,  and  more  exadly 
exprefled,  as  vifion  is  not  difturbed  by  the  apparition 
of  that  feries  of  images  which  occupy  the  fpace  of 
difiuiion,  when  the  objeftive  is  fimple. 

Again,  as  this  fpace  of  difiufion  is  the  only  reafon 
which  obliges  us  to  give  to  fimple  objeftives  fuch  an 
cxceflive  focal  diftance,  in  order  to  render  the  incon- 
venience refulting  from  it  imperceptible  j  by  em- 
ploying compound  objectives  we  are  relieved  from 
that  cumberfome  expedient,  and  are  enabled  to  con- 

Voi..  n.  D  d  ftrua 


40a  OF  COMPOUND  OBJECTIVE  LENSES. 

ilru^  telefcopes  incomparably  fhortcr,  yet  po0efluig 
the  fame  magnity'ing  power. 

When,  employing  a  lingle  objeflive,  you  want  to 
magnify  a  hundred  times,  the  focal  dillance  cannot 
be  le{s  than  thirty  feet,  and  the  length  of  the  tcle- 
fcope  becomes  ftili  greater  on  account  of  the  ocular 
lens,  whofe  focal  diftancc  muft  be  added  ;  a  fmaQ 
objective  would  produce,  from  it's  greater  fpace  of 
difiufion,  an  intolerable  confufion.  But,  a  length  of 
thirty  feet  is  not  only  very  incommodious,  but  ar- 
lifts  feldom  fucceed  in  forming  Icnfes  of  fo  great  3 
Jbcal  diftancc-  You  will  readily  perceive  the  realbn 
of  this  :  for  the  radius  of  tlic  furfaces  of  fuch  a  lens 
muft  Ukcwife  be  thirty  feet,  and  it  is  very  difficult  to 
defcribe  cxaflly  fo  great  a  circle,  and  the  flighted 
aberration  renders  all  the  labour  ufeleis. 

Accidents  of  this  fort  are  not  to  be  apprehended 
in  the  conftrudion  of  compound  objective  len&s, 
which  may  be  formed  of  finaller  circles,  provided 
they  are  fufceptible  of  the  aperture  which  the  mag- 
nifying power  requires.  Thus,, in  order  to  magnify 
one  hundred  times,  we  have  feen  that  the  aperture 
of  the  objective  lens  muft  be  three  inches  ;  but  it 
would  be  eafy  to  conftruft  a  compound  objective 
whofe  focal  diftance  fhould  be  only  one  hundred 
inches,  and  which  could  admit  an  aperture  of  more 
than  three  inches :  therefore,  as  the  focal  diftance  of 
the  ocular  muft  be  one  hundred  times  fmaller,  it 
would  be  on«  inch ;  and  the  interval  between  the 
lenfes  being  the  fum  of  their  focal  diftanccs,  the 
length  of  the  telefcope  would  :be  only  one  hundred 

and 
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2nd  one  inches,  or  eight  feet  five  inches,  which  is  far 
ihort  of  thirty  jfeet. 

But  it  appears  ^o  me,  that  a  compound  obje6Hve, 
whofe  focal  diftance  fliould  be  fifty  inches,  might 
cafily  admit  an  aperture  of  three  inches,  and  even 
more :  taking  then  an  ocular  of  half  an  inch  focus, 
you  will  obtain  the  fame  magnifying  power  of  one 
hundred  times,  and  the  length  of  the  tdefcope  will 
be  reduced  one  half,  that  is  to  four  feet  and  kfs  than 
three  inches.  Such  a  tdefcope,  then,  would  produce 
the  fame  eflfeft  as  a  common  one  of  thirty  feet,  which 
is  affuredly  carrying  it  as  far  as  need  to  be  wiihed. 

If  fuch  a  compound  objeAive'  could  be  made  to 
anfwer,  you  would  only  have  to  double  all  thefe 
meafurements  in  order  to  have  one  which  fliould  ad- 
mit an  aperture  of  fix  inches,  and  this  might  be  em- 
ployed to  magnify  two  hundred  times,  making  ufe 
of  an  ocular  of  half  an  inch  focus,  as  the  two  hun- 
dredth part  of  thd  f6cal  diftance  of  the  objeftive, 
which  would,  in  this  cafe,  be  one  hundred  inches* 
Now,  a  common  tdefcope  which  ihould  magnify  two 
hundred  times,  muft  exceed  one  hundred  feet  in 
length ;  whereas  this  one,  which  is  confbufted  with 
a  compound  objeftive,  is  reduced  to  about  eight  feet, 
and  is  perfeftly  accommodated  to  ufe,  whereas  a  te- 
lefcope  of  one  hundred  feet  long  would  be  an  un- 
wieldy and  almoft  ufelefs  load. 

The  fubjeA  might  be  carried  IHll  mu^  farther, 
and  by  ggain  doubling  the  meafurements,  we  might 
have  a  compound  objeftive  whofe  focal  diftance 
ihould  be  two  hundred  inches,  or  fixteen  feet  dght 

inches. 
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circumftanc£,  not  hitherto  remirked ;  it  is  tins,  that 
the  rays  paffing  through  the  lens,  toward  it's  extre- 
mities, reprefcnt' another  imaaje  G^,  tlian  what  is 
rcprefented  by  thofj  pallhig  near  the  centre  MAM. 

V.  If  the  rays  JiN,  EN,  were  to  retire  ftill  farther  i 
from  the  centre  A,  and  to  pafs  tliraup;h  the  point*  , 
I'P  ot  the  lens,  tii'jir  point  of  rc-union  would  be  ftiH  -j 
nearer  to  tlie  lens,  and  would  form  a  new  image,  ' 
nearer  than  even  G^. 

VI.  Hence  you  will  cafily  perceive,  that  the  firft 
image  F/,  which  is  named  the  principal  image,  is 
formed  only  by  the  rays  which  are  almofl  infinitely 
near  the  centre  ;  and  that  according  as  the  rays  re-' 
tire  from  it,  tow  ard  the  extremities  of  the  lens,  a 
particular  image  is  formed  nearer  the  lens,  till  tho£e 
palling  clofe  to  the  extremities  form  the  laft,  G^. 

.  V".  All  the  rays,  therefore,  which  pais  through 
the  lens  PP  reprefent  an  infmity  of  images  difpofed 
between.  F/  and  G^;  and  at  every  diftance  from 
the  axis  the  refraction  of  the  lens  produces  a  parti-' 
cular  image,  fo  that  the  whole  fpace  between  F  and  G 
IS  filled  with  a  leries  of  ima[;es. 

VIII.  iTiis  feries  of  images  is  accordingly  deno- 
minated the  diffuiion  of  the  image ;  and  when  all 
thele  rays  afterwards  enter  into  any  eye,  it  is  natural 
that  the  vifion  fliould  be  fo  much  difturbed,  as  the 
fpace  FG,  through  which  the  image  is  difiiafed,  is 
more  confideraUe.  If  this  fpace  FG  could  be  re- 
duced to  nothing,  no  confufion  or  indiftindnefs  need 
to  be  apprehended.  ^ 

IX.  The  gireater  portions  of  their  refpeclive  circles 

that 
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tliat  the  arches  PAP  and  PBP  are,  the  greater  Kke- 
wife  is  FG  the  fpace  of  diffufion.  You  fee  a  good' 
reafqn,  then,  for  rejecHng  all  lenfes  of  too  great 
thicknefs,  or  in  which  the  arches  which  form  the 
ibrfaces  of  the  lens  are  confiderable  fegments  of  their 
circles ;  (as  in  plate  IX.  fg.  4.)  of  which  the  arches 
PAP  and  PBP  are  the  fourth  part  of  the  whole  cir* 
cumference,  fo  that  each  contains  90  degrees ;  this 
Wjould,  confequently,  produce  an  infuflferablc  cou» 
fufion. 

X,  The  arches,  then,  which  form  the  furfaccs  of 
a  lens,  muft  contain  much  lefs  than  90  degrees :  if 
they,  contained  fo  much  as  60,  the  difiufion  of  the 
image  would  ^  be  even  then  infupportable.  Authors 
who  have  treated  the  fubjeft,  admit  of  30  degrees 
at  moft :  and  fome  fix  the  boundary  at  20  degrees. 
A  lens  of  this  laft  defcription  is  reprefented  by^^^.  5^ 
oi plate  IX.  in  which  the  arches  PAP  and  PBP  con- 
tain only  <io  degrees,  each  being  but  the  eighteenth 
part  of  the  whole  circuntference  of  it's  re^divc 
circle^ 

XL  But  if  this  lens  were  to  fupply  the  |dace  of  the 
objective  in  a  telefcope,  the  arches  PAP  and  PBP 
Uiuft  contain  ftill  many  degrees  lefs.  For,  though 
the  difiufion  of  the  im^c  be  perceptible  of  itfelf,  the 
^ttagnify^ing  power  multiplies  it  as  many  times  as  the ' 
object  is.  Therefore,  the  greater  the  magnifying 
power  propofcd,  the  fewer  muft  be  the  number  of 
degrees,  which  the  furfaces  6f  the  lens  contain. 

XII.  When  the  telefcope  is  intended  to  magnify 
jx)o  times,  you  will  rccoUeft,  that  the  aperture  of. 

6  the 
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tlie  objeAive  lens  muft  be  3  inches,  and  it's  focal 
diftance  360  inches,  wliich  is  equal  to  the  radii  with 
which  the  two  arches  PAP  and  PBP  are  defcribcd  ; 
hence  it  follows  that  each  of  tlicfc  two  arches  con- 
tains but  half  a  degree  ;  and  it  is  diftinchiets  of  ex- 
prcffion  wliich  requires  an  arch  io  fmall.  If  it  were 
intended  to  magnify  200  times,  half  a  degree  would 
be  ftili  loo  much,  and  the  meafure  of  the  arch,  in 
that  cafe,  ought  not  to  exceed  tlic  third  part  of  a 
degree.  This  arch,  however,  niuft  receive  an  ex- 
tent of  6  inches;  the  radius  of  tjie  circle  muft,  there- 
fore, be  fo  much  greater,  and  confequently,  alfo  the 
focal  diftance.  This  is  tlic  true  reafon  why  great 
magnifying  powers  require  telefcopcs  of  fuch  confi- 
derable  length. 
jj(^  March,  1762. 
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piminutiott  of  the  Aperture  of  Lenfcs,  and  other  Meant 
of  lejfcning  the  Space  of  Diffujion,  till  it  is  reduced  Io 

neihing. 

"W  THEN  the  fpace  of  an  objecHve  lens  is  too 
V  V  great  to  admit  of  diitinclnefs  of  expreflion. 
It  may  be  very  eafily  remedied :  you  have  only  to 
cover  the  lens  with  a  circle  of  pafteboard,  leaving 
an  opening  in  the  centre,  fo  that  the  lens  may  tranf- 
mit  no  other  rays,  but  thofe  which  foil  upon  it 
through  the  opening,  and  that  thofe  which  before 
paffed  through  the  estremitiea  of  the  lens  may  be  ex- 
cluded J 
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duded ;  for  as  no  rays  are  tranfmitted  but  through 
the  middle  of  the  lens,  the  fmaller  the  opening  is,  the 
finaller  likewife  will  be  the  fpace  of  difiulion.  Ac- 
cordingly, by  a  gradual  diminution  of  the  openings 
the  fpace  of  difiiifion  may  be  reduced  at  pleafure. 

Here  the  cafe  is  the  fame  as  if  the  lens  were  no 
larger  than  the  opening  in  the  pafteboard,  thus  the 
covered  part  becomes  ufeleis,  and  the  opening  de- 
termines the  iize  of  the  lens ;  this  then  is  the  remedy 
-employed,  to  give'objeftive  lenfes  any  given  extent. 

PP  is  the  objeftive  lens  (plate  IX.  fig.  6.)  before 
which  is  placed  the  pafteboard  NN,  having  the  open- 
ing M  M,  which  is  now  the  extent  of  the  lens.  This 
opening  MM  is  here  nearly  the  half  of  what  it 
would  be,  were  the  pafteboard  removed ;  the  fpace 
pf  difiiifion  is,  therefore,  much  (mailer.  It  is  re- 
marked, that  the  fpace  of  difiufion,  in  this  cafe,  is 
(mly  the  fourth  part  of  what  it  was  before.  An 
opening  M  M,  reduced  to  a  third  of  P  P,  would  ren- 
der the  fpace  of  difiufion  nine  times  lefs.  Thus  the 
tSoiSi  of  this  remedy  is  very  confiderable ;  and  on 
covering  the  extremities  of  the  lens  ever  fo  little,  the 
effeSb  of  it  becomes  perceptible. 

If,  therefore,  a  telefcope  labours  under  this  defe6l:, 
that  it  does  not  reprefent  objeds  fufficiently  diitinA^ 
as  a  feries  of  images  blended  together  muft  of  ne- 
ceffity  produce  confuiion,  you  have  only  to  contraffc 
the  aperture  of  the  objeftive  lens  by  a  covering  of 
{MdEU3x)ard  fuch  as  I  have  defcribed,  and  this  confu- 
ficm  wiU  infallibly  difappear.    But  a  defeA. equally 

embar  raffing 
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embarr-ifliiig  w  the  coiifequence,  tlie  degree  of  fH^iC^ 
nci!s  U  ijlininiflisd.  You  will  recoiled  that  every 
ik-giTc;  of  the  magnifyin'^  power  requires  a  ceruWi 
aperture  of  the  ohjcctivt:  lens,  that  as  many  rays  may 
be  trajillnitted  as  arc  ncceffary  to  procure  a  fufficienC 
illumlnaiion.  It  is  vexatious,  therefore,  in  curing 
one  dcfctfl,  to  tall  into  another ;  and  in  order  to  the 
confti"Uttion  of  a  very  good  telefcope,  it  is  abfolutdy 
neceflary  that  there  fliould  be  fufficicnt  brightnefs  of 
iiluniination,  witliout  injuring  dilHn&nefs  in  the  r^ 
prefentation. 

But  can  there  be  no  method  of  diminifliing,  nay 
of  totally  reducing,  the  fpace  of  diffufion  of  objetlive 
knfes,  without  diminifliing  the  aperture  ?  Ihis  is  the 
great  enquiry  which  has  for  fome  time  paft  engag«i 
the  attention  of  the  ingenious,  and  the  folution  of 
which  promifes  fuch  a  field  of  difcovery  in  the  fdcaa 
of  dioptricks.  I  fliall  have  the  honour,  at  leafi,  of 
laying  befors  you,  the  means  which  fcietttific  men 
hive  fuggefted  for  this  purpofe. 

As  the  focus  of  tlie  rays  which  pa&  through  dw 
middle  of  a  convex  lens  is  more  difiant  from  the 
lens,  than  the  focus  of  the  rays  which  pa&  througk 
the  extremities,  it  has  been  remarked  that  concave 
lenfes  produce  a  contrary  effe^  This  has  fu^efied 
tlie  enquiry,  whether  it  might  not  be  poffible  to  a>iife- 
bine  a  convex  with  a  concave  lens  in  fuch  a  maumet^ 
that  the  fpace  of  diffufion  fhouki  be  entirely  annihib 
tated }  while,  in  other  refpeds,  this  compound  leu 
Ihould  produce  the  fame  effect  as  an  ordinary  finq^ 
obje^ve  ? 
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objeftive  ?  You  know  that  concave  lenfes  are  mea- 
fured  by  their  focal  diftance  as  well  as  thole  which 
are  convex ;  with  tliis  difierence,  that  the  focus  of 
the  concave  is  only  imaginary,  and  hUs  before  the 
lens,  whereas-  the  focus  of  convex  lenfes  is  real,  and 
falls  behind  them.  Having .  made  this  remark,  we 
reafon  as  follows : 

L  If  we  place  (Opiate  IX.  fg.  7.)  behind  a  convex 
lens  P  A  P,  a  concave  one  Q  B  Q  of  the  lame  focal 
diftance,  the  rays  which  the  convex  lens  would  col- 
left  in  it*s  focus  will  be  refracled  by  the  concave,  fb 
that  they  will  again  become  parallel  to  each  other,  as 
they  were  before  pafling  through  the  convex  lens. 

II.  In  this  cafe,  therefore,  the  concave  lens  deftroys 
the  effeft  of  the  convex,  and  it  is  the  fame  thing  as 
if  the  rays  had  proceeded  in  their  natural  dircftion, 
without  undergoing  any  refraction  •  For  the  con- 
cave lens  having  it's  focus  at  the  fame  point  F,  re- 
flores  the  parallelifm  of  the  rays,  which  would  other- 
wife  have  met  at  the  point  F. 

III.  If  the  focal  diftance  of  the  concave  lens  were 
fmaller  than  that  of  the  convex,  it  would  produce  a 
greater  efiedt,  and  would  render  the  rays  diverg^nt^ 
as  vcifg.  8.  of  plate  IX:  the  incident  parallel  rays 
L  M,  £  A,  L  M,  pailing  through  the  two  lenfes, 
would  aflume  the  directions  N.  O,  B  F,  N  O,  which 
are  divergent  from  each  other.  Thefe  two  lenfes 
together  produce,  therefore,  the  fame  effeft  as  a 

.fimpk  concave  lens,  which  would  imprefs  on  the 
-incident  parallel  rays  tlic  fame- divergence.  Two 
.filch  lenfes  joined  together,  of  which  the  concave  has 

a  fmaller 
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a  fmall        seal  diHance  than  the  convex,  are  there' 
lent  to  a  fimpk  concave  lens, 
if  the  concave  lens  Q  Q  Cfiiate  IX.^g.  9.) 
a         it  ;r  focal  dillance  than  the  convex  lens  P  Pj 
not  even  fuJlicient  to  render  parallel  to  each 
otht      he  rays  which  the  convex  lens  by  itfelf  would 
collecl  in  it's  focus  F :  thcfe  rays,  therefore,  continue 
convergent,  but  their  convergence  will  be  diminifhed 
by  the  concave  lens,  fo  that  the  rays,  inftead  of  meet- 
ing in  the  point  F,  will  meet  in  the  more  difiant 
point  O^ 

V.  'Ifaefc  two  Icnfes  joined  together  will  produce, 
then,  the  fame  effc^,  as  a  limple  convex  lens  which 
fliould  have  it's  focus  at  O,  as  it  would  colleci  the 
parallel  rays  L  M,  E  A,  L  M,  equally  in  the  fame 
point.  It  is  therefore  evident  that  two  lenies  may 
be  combined  an  infinite  variety  of  ways,  the  one  be- 
ing convex  and  the  other  concave,  fo  that  their  com- 
bination fliall  be  equivalent  to  a  given  convex  lens. 

VI.  Such  a  double  objeftive  lens  may,  therefore, 
be  employed  in  the  conilruftion  of  tdefcopes,  inflead 
of  the  fimple  to  which  it  is  equivalent }  and  the  ef- 
feft,  as  to  the  magnifying  power,  will  be  juft  the 
fame.  But  the  fpace  of  diffiilion  will  be  quite  dif- 
ferent, and  it  may  happen  to  be  greater  or  leis  than 
that  oC  a  fimple  objcAive,  and  in  this  hA  cafe,  the 
double  objeclive  will  be  greatly  prefo'able  to  the 
fimple. 

vn.  But  farther,  it  has  been  found  p(^iUe  to  ar- 
range two  fuch  lenfes  fo  that  the  fpace  of  difiuficm  U 
reduced  abfolutely  to  nothing,  which  is,  undoubt- 

«cUy» 


CONSTRUCTION  OF  TELESCOPES.  433 

mical  tclefcope  of  the  fame  magnifying  power.  By 
means,  then,  of  thefe  teiefcopes,  with  four  lenfes,  we 
obtain  a  double  advantage,  the  object  is  reprefented 
upright,  and  a  much  larger  field  is  difcovered :  both, 
circumftances  of  much  importance. 

X.  Finally,  it  is  poffible  to  find  fuch  an  arrange- 
ment of  thefe  four  lenfes,  as,  without  afiedting  either 
of  the  advantages  now  mentioned,  fliall  entirely  do 
away  the  defeft  arifing  from  the  colours  of  the  rain- 
bow, and  at  the  fame  time  reprefent  the  objeft  with 
all  poffible  diftincbicfs.  But  few  artifts  can  attain 
this  degree  of  perfection. 

lOtb  Api'il^  1762. 


LETTER    CVin. 

Precautions  to  be  obferved  in  the  Conjiruilion  of  Tele- 
f copes.     Neceffity  of  blackening  the  Injide  of  Tubes. 
Diaphragms. 

A  FTER  thefe  refearches  refpedting  the  conftruc- 
-^^^  tion  of  teiefcopes,  I .  muft  fuggeft  and  explain 
certain  precautions  nccefEuy  to  be  ufed;  which, 
though  they  relate  neither  to  the  lenfes  themfelves, 
nor  to  their  arrangement,  are  neverthclefs  of  fuch 
importance,  that  if  they  are  not  very  carefully  ob- 
ferved, the  beft  inflxument  is  rendered  entirely  ufe- 
lels.  It  is  not  fuflicient  that  the  lenfes  fhould  be  ar- 
ranged in  fuch  a  manner  that  all  the  rays  which  fall 
upon  them  fliall  be  tranfmittcd  through  thefe  lenfes 
to  the  eye ;  care  muft  be  taken,  befides,  to  prevent 
Vol-  II.  F  f  the 
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I  bcal  diftance  than  the  convex,  are  there* 

1       Icut  to  a  fiinple  concavi:  lens. 

if  the  concave  lens  Q  Q  (plate  l^.Jig.  9-) 
er  focal  diftance  than  the  convex  lens  P  P, 
it  even  fufficient  to  render  parallel  to  each 

othc  :  rays  which  the  convex  lens  by  itfelf  would 
colled  in  it's  focus  F :  thefe  rays,  therefore,  continue 
convc  nt,  but  their  convergence  w-ill  be  diminifhcd 
b]  oncave  lens,  fo  that      ,e  rays,  inftcad  of  meet 

i'  the       int  F,  will  meet  in  the  more  diftant 

V.  twc  join  together  will  produce; 
then,         fame         I,  as  a       iple  convex  lens  which    ' 

c      8  foci  as  it  would  coileft  the     , 

I,  equally  in   the  fame    ' 
it  that  two  lenics  may     1 
be  combined  an  infinite  variety  of  ways,  the  one  be* 
ing  convex  and  the  other  concave,  fo  that  their  com* 
blnation  fliall  be  equivalent  to  a  given  convex  lens. 

VI.  Such  a  double  objeftive  lens  may,  therefore, 
be  employed  in  the  conflruftion  of  telefcopes,  infiead 
of  the  iimple  to  which  it  is  equivalent }  aiid  the  cf- 
feft,  as  to  the  magnifying  power,  will  be  jufi  the 
fame.  But  the  fpace  of  difRifion  will  be  quite  dif* 
ferent,  and  it  may  happen  to  be  greater  or  left  than 
that  of  a  fimple  obje<^ve,  and  in  this  hft  cafe,  the 
double  objeclive  will  be  greatly  preferable  to  the 
fimple. 

VII.  But  farther,  it  has  been  found  poffible  to  ir- 
|-ange  two  fuch  lenfes  fo  that  the  fpace  of  difiufi<m  is 
reduced  abfolutdy  to  notlung,  which  is,  undottbt* 

«dl7* 
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deeply,  no  new  rays  will  be  produced,  let  the  Ug^t 
be  ever  fo  ftroi^g*  Tlais  t^tackmng  muft  be  carried 
through  the  whple  length  of  the  teleicope,  as  there 
i$  no  black  fa  deep  as  not  to  generate,  who^  Mvf 
minated,  foine  £aittt  light:  fuppofing,  th<9n,  thi^ 
fome  extraaeous  rayd  were  to  make  their  way  to  thp 
lecond  lens  B,  the  black  of  the  tube^  ^pmjbmg  thar 
courfe,  would  eafily  abforb  them  altogether*  I^ere 
is  a  britliiant  black,  which,  for  this  reaiibo^  it  would 
be  very  improper  to  employ. 

V.  But  even  this  precaution  is  jnot  fufficient,  k  is 
neceflary  Mkewife  to  foraifli  the  infide  of  the  tube 
with  one  or  more  diaphragms,  perforated  w{th  n 
fmall  circular  aperture,  the  better  to  exjdude  all  ex- 
traneous hght ;  but  ,c^e  muft  be  taken  tha):  they 
exclude  not  the  rays  of  the  objeft  which  the  inftru- 
ment  is  intended  to  rq)refeixt.    See  j^hte  X.J!g»  4^ 

VI.  It  is  neceflary  to  ob&rve  at  whut  place,  in  thie 
tube,  the  proper  rays  of  the  objed:  are  moft  con* 
traded ;  thijs  muft  be  at  the  pov^ts  yrhere  th^ 
images  are  r^refented,  for  tho'e  all  the  rays  are  col- 
leAed  together.  Now,  the  objective  lens  A  t:q>re- 
.fents  the  image  in  it's  focus  at  M.  Tqu  have  only, 
then,  to  compute  the  magnitude  of  this  image,  and 
there  to  fix  your  diaphragm,  whofe  aperture  m  n 
fhall  be  equal  to  the  magnitude  of  the  image,  or  ra- 
ther fomewhat  greater.  For  if  the  aperture  were 
leis  than  the  image,  there  would  be  a  proportional 
lofs  of  the  apparent  field,  which  is  always  a  great 
defeft. 

VII.  Thefc  are  the  obfervations,  refpe^ng  the 

F  f  2  diaphragm. 
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flrud  telefcopes  incomparably  fiiorter,  yet  pofleffing 
the  fame  magnifying  power. 

Wheii,  employing  a  fingle  objeAive,  you  want  to 
magnify  a  hundred  times,  the  tbcal  ditlancc  cannot 
be  lei's  than  thirty  feet,  and  the  length  of  the  tele- 
icope  becomes  ftill  greater  on  account  of  the  ocular 
lens,  whofe  focal  diftance  muH  be  added  ;  a  fmall 
objective  would  produce,  from  it's  greater  fpace  of 
difiuiion,  an  intolerable  confi  Ion.  But,  a  length  of 
thirty  feet  is  not  only  very  mcommodious,  but  ar- 
tifts  feldom  lucceed  in  forming  Icnfes  of  fo  great  a 
focal  diftance.  You  will  readily  perceive  the  reafon 
of  this  :  for  tlie  radius  of  the  iurlaccs  of  fuch  a  lens 
Diuft  iikcwiic  be  thirty  feet,  and  it  is  very  diflicult  to 
defcribc  exactly  fo  great  a  circle,  and  the  flighteft 
aberration  renders  all  the  labour  ufclefs. 

Accidents  of  this  fort  are  not  to  be  apprehended 
in  the  conftmaion  of  compound  objective  lenfcs, 
which  may  be  formed  of  finaller  circles,  provided 
they  are  fufccptible  of  the  aperture  which  the  mag- 
nifying power  requires.  Thus, -in  order  to  magnify 
one  hundred  times,  we  have  feen  that  the  aperture 
of  the  objective  lens  mufl  be  three  inches  ;  but  it 
would  be  eafy  to  conftruft  a  compound  objecHvc 
whofe  focal  diftance  fhould  be  only  one  hundred 
inches,  and  which  could  admit  an  aperture  of  more 
than  three  inches ;  therefore,  as  the  focal  diftance  of 
the  ocular  mull  be  one  hundred  times  fmaller,  it 
would  be  ont  inch ;  and  the  interval  between  the 
lenfes  being  the  fum  of  their  focal  diftanccs,  the 
length  of  the  tclefcope  would.be  only  one  hundred 

and. 


OF  COMPOUND  OBJECTIVE  LENSES.  403 

md  one  inches,  or  eight  feet  five  inches,  which  is  far 
Ihort  of  thirty  feet. 

But  it  appears  ^o  me,  that  a  compound  objeftive, 
whofe  focal  diibmce  fhould  be  fifty  inches,  might 
eafily  admit  an  aperture  of  three  inches,  and  even 
more :  taking  then  aii  ocular  of  half  an  inch  focus, 
you  will  obtain  the  fame  magnifying  power  of  one 
hundred  times,  and  the  length  of  the  telefcope  will 
be  reduced  one  half,  that  is  to  four  feet  and  lefs  than 
three  inches.  Such  a  telefcope,  then,  would  produce 
the  fame  eflFeft  as  a  common  one  of  thirty  feet,  which 
is  afluredly  carrying  it  as  far  as  need  to  be  wifhed. 

If  fuch  a  compound  objective'  could  be  made  to 
anfwer,  you  would  only  have  to  double  all  thefe 
meafurements  in  order  to  have  one  which  ihoiild  ad* 
mit  an  ^rture  of  fix  inches,  and  this  might  be  em« 
ployed  to  magnify  two  huncked  times,  making  ufe 
of  an  ocular  of  half  an  inch  focus,  as  the  two  hun- 
dredth  part  of  the  fdcal  diftance  of  the  objeftive, 
which  would,  in  this  cafe,  be  one  hundred  inches* 
Now,  a  common  telefcope  which  fhould  magnify  two 
hundred  times,  mufl  exceed  one  hundred  feet  in 
length ;  whe;reas  this  one,  which  is  conftrufted  with 
a  compound  objeftive,  is  reduced  to  about  eight  feet, 
and  is  perfeftly  accommodated  to  ufe,  whereas  a  te- 
lefcope of  one  hundred  feet  long  would  be  an  un- 
wieldy and  almofl:  ufelefs  load. 

The  fubjeft  might  be  carried  ftill  mu^h  farther, 
and  by  ggain  doubling  the  meafurements,  we  might 
have  a  compound  objeftive  whofe  focal  difbmce 
ihould  be  two  hundred  inches,  or  fixtcen  feet  eight 

D  d  2  inches. 
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the  almighty  power,  in  union  with  the  fovercign 
wifdonr  and  goodnefs,  of  the  Great  Creator. 

Thus  the  moft  important  difcovcries  have  been 
made  rcrpefting  the  planets,  which,  to  the  unafliflcd 
eye,  appear  only  as  fo  many  luminous  points  ;  but 
whidi,  viewed  through  a  good  tclefcope,  refemble 
the  moon,  and  appear  even  ftiU  much  greater. 

But  you  will  be  not  a  little  furprlzcd,  when  I  af- 
furc  you,  that  with  the  afliftancc  of  the  beft  telefcope, 
even  one  which  magnifies  more  than  two  hundred 
.  times,  the  fixed  ftars  ftill  appear  only  as  points,  nay 
ftill  fmaller  than  to  the  naked  eye.  This  is  fo  much 
the  more  aftonifliing,  that  it  is  certain  the  telefcope 
rcprefents  them  fuch  as  they  would  appear  were  we 
.two  hundred  times  nearer.  Are  we  not,  hence,  re. 
duced  to.  the  neceflity  of  concluding  that,  here,  tcle- 
fcopes  fail  to  produce  their  cflfcft  ?  But  this  idea  pre- 
fenUy  vanifties,  on  confidering  that  they  difcover  to 
us  miUiens  of  little  ftars  which,  without  th«r  aid, 
muft  have  for  ever  efcapcd  the  eye.  We  likcwifc 
perceive  the  diftances  bct^vecn  the  ftars  incompa- 
rably greater ;  for  two  ftaFs  which,  to  the  naked  eye, 
feemed  almoft  to  touch  each  other,  when  viewed 
through  the  telefcope,  are  feen  at  a  very  confidcrable 
diftancc ;  a  fuffident  proof  of  the  effeft  of  the  tele- 
fcope. 

What,  then,  is  the  reafon  that  the  fixed  ftars  ap- 
pear to  us  fmaller  through  the  telefcope  than  to  the 
naked  eye  ?  In  refolving  this  queftion,  I  remark,  firft, 
that  the  fixed  ftars  appear  greater  to  the  naked  eye 
than  they  ought  to  do^  and  that  this  arilesfrom  a 

Me 
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• 

tliat  the  arches  PAP  and  PBP  are,  the  greater  Kke- 
wife  is  FG  the  fpace  of  difiiifion.  You  fee  a  good* 
reafqn,  then,  for  rejecting  all  lenfes  of  too  great 
thicknefs,  or  in  which  the  arches  which  form  the 
^rfaces  of  the  lens  are  confiderable  fegments  of  their 
circles ;  (as  in  plate  IX.  Jig*  4,)  of  which  the  arches 
PAP  and  PBP  are  the  fourth  part  of  the  whole  cir- 
cumference, fo  that  each  contains  90  degrees ;  this 
M^uld,  confequently,  produce  an  infuflferablc  coa* 
fulion. 

X.  The  arches,  then,  which  form  the  furfaces  of 
a  lens,  muft  contain  much  le&  than  90  degrees :  if 
they,  contained  fo  much  as  60,  the  difiuiion  of  the 
ixnage  would  be  even  then  infupportable.  Authors 
who  have  treated  the  fubjeft,  admit  of  30  degrees 
at  moft :  and  fome  fix  the  boundary  at  20  degrees. 
A  lens  of  this  laft  defcription  is  reprefented  by  jig.  5* 
ci plate  IX.  in  wliich  the  arches  PAP  and  PBP  con- 
tain only  izo  degrees,  each  being  but  the  eighteenth 
part  of  the  whole  circumference  of  it*s  re^edive 
circle* 

XL  But  if  this  lens  were  to  fupply  the  place  of  the 
objective  in  a  tdefcope,  the  arches  PAP  and  PHP 
muft  contain  ftill  many  degrees  lefs.  For,  though 
the  difiufion  of  the  image  be  perceptible  of  itfelf,  the 
9)agnify ing  power  multiplies  it  as  many  times  as  the 
object  is.  Therefore,  the  greater  the  magnifying 
power  propofed,  the  fewer  muft  be  the  number  of 
4egrees,  which  the  furfaces  df  the  lens  contain. 

XII.  When  the  telefcopc  is  intended  to  magnify 
100  times,  you  will  recoUeft,  that  the  aperture  of. 

6  the 
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the  objective  lens  muft  be  3  inches,  and  it's  focal 
diftance  360  inches,  which  is  equal  to  the  radii  with 
which  the  two  arches  PAP  and  PBP  are  defcribed  ; 
hence  it  follows  that  each  of  thcfc  two  arches  con- 
tains but  half  a  degree  ;  and  it  is  diftincliiefs  of  ex. 
prcfiion  which  requires  an  arch  fo  fmall.  If  it  were 
intended  to  magnify  200  times,  half  a  degree  would 
be  ftill  too  much,  and  the  meafure  of  the  arch,  in 
that  cafe,  ought  not  to  exceed  the  third  part  of  a 
degree.  This  arch,  however,  muft  receive  an  ex- 
tent of  6  inches ;  the  radius  of  tjie  circle  muft,  there- 
fore, be  fo  much  greater,  and  confequently,  alfo  the 
focal  diftance.  Tliis  is  the  true  reafon  why  great 
magnifying  powers  require  telefcopes  of  fuch  conii- 
dcrablc  length. 

gtb  March,  i;6z.  ■ 
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J)imtnutlon  of  the  Aperture  of  LenfcSy  and  ether  Mcani 
of  lejfening  the  Space  of  Diffuften^  till  it  is  reduced  to 

nothing. 

XTXHEN  the  fpace  of  an  objeclive  lens  is  too 
V  V  great  to  admit  of  diftinclnefs  of  expreflion, 
it  may  be  very  eafily  remedied :  you  have  only  to 
cover  the  lens  with  a  circle  of  paftcboard,  leaving 
an  opening  in  the  centre,  fo  that  the  lens  may  tranf. 
niit  no  other  rays,  but  thofe  which  fall  upon  it 
through  the  opening,  and  that  thofe  which  before 
pafled  through  the  extremities  of  the  lens  may  be  ex- 
cluded J 
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duded ;  for  as  no  rays  are  tranfmitted  but  through 
the  middle  of  the  lens,  the  fmaller  the  opening  \Sy  the 
Smaller  likewiie  will  be  the  fpace  of  difiufion.  Ac- 
cordingly, by  a  gradual  diminution  of  the  openings 
the  fpace  of  difiufion  may  be  reduced  at  pleafure. 

Here  the  cafe  is  the  fame  as  if  the  lens  were  no 
larger  than  the  opening  in  the  pafteboard,  thus  the 
covered  part  becomes  ufeleis,  and  the  opening  de- 
termines the  iize  of  the  lens ;  this  then  is  the  remedy 
-employed,  to  give'objeftive  lenfes  any  given  extent. 

PP  is  the  objeftive  lens  (plate  IX.  fig.  6.)  before 
which  is  placed  the  pafieboard  NN,  having  the  open- 
ing M  My  which  is  now  the  extent  of  the  lens.  This 
opening  MM  is  here  neaiiy  the  half  of  what  it 
'would  be,  were  the  pafteboard  removed ;  the  fpace 
pf  difiufion  is,  therefore,  much  (mailer.  It  is  re- 
marked,  that  the  fpace  of  difiufion,  in  this  cafe,  is 
(mly  the  fourth  part  of  what  it  was  before.  An 
opening  M  M,  reduced  to  a  third  of  P  P,  would  ren- 
der the  fpace  of  difiufion  nine  times  lefs.  Thus  the 
tSStSi  of  this  remedy  is  very  confiderable ;  and  on 
covering  the  extremities  of  the  lens  ever  fo  little,  the 
efieSb  of  it  becomes  perceptible. 

If,  therefore,  a  tdefcope  labours  under  this  defeft, 
that  it  does  not  reprefent  objeds  fufficiently  diitind^ 
as  a  feries  of  images  blended  together  muft  of  ne- 
oeflity  produce  confufion,  you  have  only  to  contraffc 
the  aperture  of  the  objeftive  lens  by  a  covering  of 
{MdEU3x)ard  fuch  as  I  have  defcribed,  and  this  confu- 
fion wiU  infallibly  difappear.    But  a  defeA  equally 

embarrafling 
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cniMrral&ii^  Is  the  confequence,  Uie  degree  of  briglit* 
«■&  ki  JiminiQisd.  You  will  recoilcft  that  every 
%f^  ot  the  magnifyin'^  power  requires  a  certain 
IfKture  ot  the  objective  lens,  that  as  many  rays  mzj 
be  trauliiiitted  2s  are  neceffary  to  procure  a  fufiicicnt 
illumination.  It  is  vexatious,  therefore,  in  curing 
one  (iefcft,  to  fall  into  another ;  and  in  order  to  the 
conftrudion  of  a  very  good  telefcope,  it  is  abfolutely 
necefiary  that  there  fhoul  be  fuiEcient  brightnefs  of 
illumination,  without  inju  ;  diftincinds  in  the  re- 
prelentation. 

But  can  there  be  no  metliod  of  diminifiiing,  nay 
cf  totally  reviucing,  tlie  fpace  of  diffiifion  of  objective 
Icnfes,  without  diminiihing  the  aperture  ?  This  is  the 
great  enquiry'  which  has  for  fome  time  paft  engaged 
the  attention  ot  the  ingenious,  and  the  folution  erf 
which  proniifes  fuch  a  field  of  difcovery  in  the  Icience 
of  di(^tricks.  I  fliatl  have  the  hoDour,  at  leafi,  ci 
laying  before  you,  the  means  which  fdebtific  men 
hSive  fuggefted  for  this  purpofe. 

As  the  focus  of  tlie  rays  which  pals  through  the 
middle  of  a  convex  lens  is  more  diilant  &om  the 
lens,  than  the  focus  of  the  rays  which  pa&  througk 
the  extremities,  it  has  been  remarked  that  concave 
lenfcs  produce  a  contrary  effefL  This  has  fn^efled 
tlu  enquiry,  whether  it  might  not  be  poffible  to  com- 
Inne  a  convex  with  a  concave  lens  in  fuch  a  manner^ 
that  the  fpace  of  diSulion  fhouM  be  entirely  annihi>- 
lated  i  while,  in  otho-  refpet^,  this  compound  leai 
Oiould  produce  tlie  fame  efied  as  an  ordinary  fimpl£ 
objeftiTe } 
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objeftive  ?  You  know  that  concave  lenfes  are  mea^ 
fured  by  their  focal  diftance  as  well  as  thole  which, 
are  convex ;  with  this  difference,  that  the  focus  of 
the  concave  is  only  imaginary,  and  falls  before  the 
lens,  whereas  the  focus  of  convex  lenfes  is  real,  and 
falls  behind  them.  Having .  made  this  remark,  we 
reafon  as  follows : 

L  If  we  place  (Opiate  IX.  fg.  7.)  behind  a  convex 
lens  P  A  P,  a  concave  one  Q  B  Q  of  the  lame  focal 
diftance,  the  rays  which  the  convex  lens  would  col- 
lect in  it's  focus  will  be  refracted  by  the  concave,  fo 
that  they  will  again  become  parallel  to  each  other,  as 
they  were  before  pafling  through  the  convex  lens. 

XL  In  this  cafe,  therefore,  the  concave  lens  deflroys 
the  effed  of  the  convex,  and  it  is  the  fame  thing  as 
if  the  rays  had  proceeded  in  their  natural  direAion^ 
without  undergoing  any  refradion.  For  the  con- 
cave lens  having  it's  focus  at  the  fame  point  F,  re- 
flores  the  parallelifm  of  the  rays,  which  would  other- 
wife  have  met  at  the  point  F. 

III.  If  the  focal  diflance  of  the  concave  lens  were 

fmaller  than  that  of  the  convex,  it  would  produce  a 

greater  efied,  and  would  render  the  rays  divergent, 

as  in  Jig.  8.  of  plate  IX :   the  incident  parallel  rays 

L  M,  £  A,  L  M,  pafling  through  the  two  lenfes, 

would  affume  the  directions  N  O,  B  F,  N  O,  which 

are  divergent  from  each  other.    Thefe  two  lenfes 

together  produce,  therefore,  the  fame  effeft  as  a 

.fimpk  concave  lens,  which  would  imprefs  on  the 

;  incident  parallel  rays  the  fame- divergence.      Two 

.fuch  lenfes  joined  together,  of  which  the  concave  has 

a  fmaller 


c  >  - 
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jcquircs.  TJievc  c^innot  remain  the  fhadow  of  doubt 
as  to  this  ;  but,  for  that  very  rcjfon,  the  difficulty, 
iiiticad  of"  Jiiiiinilhing,  gathers  ftrength  ;  and  it  w-ifl 
tcaJkedM-ith  fo  much  the  more  cigernds ;  How 
nur.cs  it  that  the  whole  world  agrees  in  imagining 
the  moon  to  be  greater  when  riiing  or  letting,  though 
her  apparent  diameter  is  then,  in   reality,  fmaller^J 
and.  What  can  be  the  rcafon  pf  this  deiufion  to  whicfcB 
men  arc  univcrfaliy  rubjed  ?    The  iflrononicr,  who  ' 
knon-s  perfectly  well  that  the  moon's  apparent  dia- 
mcEcr    is  then  fmaller,  falls  ncvertheiels  into   the 
fcuiie  deception  as  the  moft  ignorant  clown. 
icA  j^'it,  176Z. 


IXTTER    CXI. 

Rcficfiions  on  the  Qucjiion  refpccling  the  Mooti'i  appa- 
rent Mii^nitml.- ;  Prs^refs  to-ivard  a  Solution  of  the 
Dljjicid!)-.     Ahf-.ird  F.x/iiaiiations. 

"XT  O  U  would  fcarccly  have  believed,  that  the 
-*-  fiiiiple  appc^iraiicc  of  the  moon  involved  fo 
nimy  diillcultics ;  but  I  hope  I  fluU  be  able  to  clear 
llic  way  toward  a  Iblution,  by  die  following  reflec- 
tions. 

I.  It  is  not  aftunifiiing  tliat  our  judgment  rerpcd- 
ing  the  ningnitude  of  objects  Diould  not  always  be  in 
corrcl'pontlcncc  «"ith  the  vifual  angle  under  which  we 
fee  it  :  of  ihia,  daily  experience  furniflies  fulUcicnt 
proof".  A  cat,  (ur  example,  appears,  when  very  near, 
tiiidev  ,\  greaia"  angle  than  an  os  at  the  difcaQCc  of 
1  tould  ne\"cr,  at, the  laijic  time,  imagine 
the 
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the  cat  to  be  larger  than  the  ox :  and  you  will  pleafe 
to  recolleft,  that  our  judgment  refpecling  magni- 
tude is  always  intimately  connected  with  that  of  dif- 
tance  ;  fo  that  if  we  commit  a  miftake  in  the  calcu- 
lation of  diftance,  our  judgment  refpecling  magni- 
tude becomes,  of  neceflity,  erroneous. 

n.  In  order  to  elucidate  this  more  clearly,  it  fomc- 
times  happens  that  a  fly  pafling  fuddenly  before  the 
eye,  without  our  thinking  of  it,  if  our  fight  is  fixed 
on  a  diftant  objeft,  we  imagine,  at  firft,  that  the  fly 
is  at  a  great  diflance ;  and  as  it  appears  under  a  very 
confiderable  angle,  we  take  it,  for  a  moment,  to  be 
a  large  fowl,  which,  at  the  proper  diftance,  would 
appear  under  the  fame  angle.  It  is,  then,  inconteil- 
ably  certain,  that  our  judgment  refpefting  the  mag- 
nitude of  objefts  is  not  regulated  by  the  vifual  angle 
under  which  they  are  feen,  and  that  there  is  a  very 
great  difference  between  the  apparent  magnitude  of 
objefts,  and  the  calculated  or  computed  magnitude. 
The  firft  is  regulated  by  the  vifual  angle,  and  the 
other  depends  oh  the  diftance  to  which  we  fuppofc 
the  objeft  to  be  removed. 

in.  To  avail  myfelf  of  this  remark,  I  farther  ob- 
ferve,  that  we  ought  not  to  fay,  that  we  fee  the 
moon  greater  in  the  horizon,  than  at  a  confiderable 
elevation.  This  is  abfolutely  falfe,  for  we  then  fee 
her  even  fomewhat  lefe*  But  to  fpeak  accurately, 
we  ought  to  fay  that  we  judge  and  compute  the 
moon  greater  when  flie  is  in  the  horizon  ;  and  this 
is  literally  true  with  the  unanimous  confent  of  all 
mankind.   This  is  fulficient  to  reconcile  the  apparent 

contradiclion 
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ItntOt  1  s  ioccnnparably  fliorter,  yet  pofiefimg 

tfcr  fioK  itpiig  power. 

^  A,  ioying  a  fingle  objective,  you  want  to 
■  idred  times,  the  focal  diftance  cuuiot 

h  35  tiun  tiiirty  feet,  and  the  length  of  the  telc- 
toefc  becomes  fiill  greater  on  account  of  the  ocular 
testy  whofc  focal  dlHancc  muft  be  added  i  a  fmall 
clljective  would  produce,  from  h's  greater  fpace  of 
dUb&oti,  an  intolerable  itul  i.  But,  a  length  of 
tbitty  fJECt  b  not  01  v{  incommodious,  but  ar- 
tife  fiidom  fucceed  in  fbrmmg  Icnfcs  of  fu  great  a 
focal  diftance-  You  will  readily  perceive  the  reafon 
of  ihb  :  for  the  radius  of  the  furfaccs  of  fuch  a  lens 
muSt  likcwife  be  thirty  feet,  and  it  is  very  dllHcult  to 
A'^T^**'  exa^y  lb  great  a  circle,  and  the  flighted 
•bcfndon  renders  all  the  labour  ufelels. 

Arddents  of  this  fort  are  not  to  be  apprehended 
in  tbc  conftru&ion  of  compound  objective  len&s^ 
wl«.^  may  be  formed  of  iinaller  circles,  provided 
tbc>  arc  lufccpdblc  of  the  aperture  which  the  mag- 
Miir\u^  p«.wcr  requires.  Thus,  in  order  to  magnify 
vtK"  hutKtrrd  times,  we  have  feen  that  the  aperture 
V*  the  objo^ve  lens  muft  be  three  inches ;  but  it 
«v>ttkt  be  ciiy  to  conftnift  a  compound  objective 
u  hole  tvvoi  diftaoce  ftiould  be  only  one  hundred 
UkWi  wA  which  could  admit  an  aperture  of  more 
th.u>  »brrc  inches :  therefore,  as  the  focal  diftance  of 
tbc  ^.KuUr  muft  be  one  hundred  times  fmaller,  it 
wHiW  he  on*  inch ;  and  the  interval  between  the 
Iwilcs  being  the  fum  of  their  focal  diftanccs,  the 
Wugih  ot  the  tdefcope  would^ie  only  one  hundred 

and 
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2nd  one  inches,  or  eight  feet  five  inches,  which  is  far 
fhort  of  thirty  feet. 

But  it  appears  ^o  me,  that  a  compound  objedHve, 
whofc  focal  diftance  fliould  be  fifty  inches,  might 
eafily  admit  an  aperture  of  three  inches,  and  even 
more :  taking  then  an  ocular  of  half  an  inch  focus, 
you  will  obtain  the  lame  magnifying  power  of  one 
hundred  times,  and  the  length  of  the  tdefcope  will 
be  reduced  one  half,  that  is  to  four  feet  and  \dk  than 
three  inches.  Such  a  tdefcope,  then,  would  produce 
the  feme  eflfeft  as  a  common  one  of  thirty  feet,  which 
is  afluredly  carrying  it  as  far  as  need  to  be  wiihed. 

If  fuch  a  compound  objective-  could  be  made  to 
anfwer,  you  would  only  have  to  double  all  thefe 
meafurements  in  order  to  have  one  which  fhould  ad- 
mit an  aperture  of  fix  inches,  and  this  might  be  em* 
ployed  to  magnify  two  hundred  times,  making  ufe 
of  an  ocular  of  half  an  inch  focus,  as  the  two  hun- 
dredth part  of  the  fdcal  diftance  of  the  obje6Hve, 
which  would,  in  this  cafe,  be  one  hundred  inches^ 
Now,  a  common  tdefcope  which  fhould  magnify  two 
hundred  times,  muft  exceed  one  hundred  feet  in 
length ;  whe;reas  this  one,  which  is  conftrufted  with 
a  compound  objeftive,  is  reduced  to  about  eight  feet, 
and  is  perfeftly  accommodated  to  ufe,  whereas  a  te- 
leCcope  of  one  hundred  feet  long  would  be  an  un* 
widdy  and  almoft  ufelefs  load. 

The  fubjeA  might  be  carried  ftill  mufh  farther, 
and  by  ggain  doubling  the  meafurements,  we  might 
have  a  compound  objeftive  whofe  focal  diftance 
ihottld  be  two  hundred  inches,  or  fixtcen  feet  right 

D  d  2  inches. 
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fight  appear,  is  defthute  of  foUdity.  On  looking  at 
die  inoon  in  the  horizon,  through  a  fmall  aperture 
made  in  any  body  «'hich  fliall  conceal  the  interme- 
diate objecls,  fhe  nevertheleG  ftili  feems  greater. 
Bciidcs,  we  do  not  always  imagine  that  objects,  be- 
tween which  and  us  many  otiier  bodies  interpofc, 
arc  more  diftant.  A  great  hall,  for  example,  wh«» 
quite  empty,  ufually  appears  much  larger  than  when 
filled  with  company,  not  iianding  the  numerous 
objecfe  then  intcrpoli  een  us  and  the  wails  of 

the  apartment. 

I4/A  Jfiil,   1 761. 

LETTER    CXn. 

.  An  Alienipi  !o-j;ard  the  true  Explanafion  of  this  Phcno- 
Tncnon  :  The  Moon  appears  more  diftant  when  in  the 
Hori^^sn,  than  when  at  a  great  Elevation. 

TT7E  are  ftill,  then,  very  far  from  the  true  folu- 
'  '  tion  of  this  univerfal  illufion,  under  which 
all,  without  exception,  are  induced  to  imagine  the 
moon  to  be  much  greater  when  in  the  horizon,  than 
when  conliderably  elevated.  I  have  already  re- 
marked, that  this  phenomenon  is  fo  much  the  more 
unaccountable,  from  it's  being  demonftrable  that  the 
moon's  apparent  diameter  is  then  even  fomewhat 
left :  we  ought  not,  therefore,  to  fay,  that  we  then 
the  moon  greater,  but  that  we  imagine  her  to 

xordingly,  I  have  very  often  obferved  our  judg- 
ment 
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ment  of  objcfts  to  differ  very  widely  from  vifion  it- 
felf.  We  do  not  hefitate,  for  example,  to  conclude, 
that  a  horfe  loo  paces  diftant  is  larger  than  a  dog 
one  pace  diftant,  though  the  apparent  magnitude  of 
the  dog  is  unqueftionably  greater,  or,  which  amounts 
to  the  fame  thing,  though  the  image  of  the  dog, 
painted  on  the  bottom  of  the.  eye,  be  greater  than 
that  of  the  horfe.  Our  judgment,  in  this  cafe,  is 
regulated  by  ^taking  diftance  into  the  account,  and 
laying  it  down  that  the  horfe  is  much  farther  off 
than  the  dog,  we  conclude  he  is  much  larger.'  - 

It  is  very  probable,  therefore,  that  the  fame  cir- 
cumftance  may  take  place  refpefting  the  moon's  ap- 
pearance, and  induce  us  to  reckon  the  moon  greater, 
when  in  the  horizon,  than  at  a  confiderable  elevation. 
In  the  cafe  of  the  horfe,  our  computation  of  diftance 
was  founded  in  truth ;  but  here,  as  it  is  abfolutely 
erroneous,  the  iUudon  muft  be  fingularly  unaccount- 
able, but  muft,  at  the  fame  time,  have  a  certain 
foundation,  as  it's  prevalence  is  univcr^,  and  can^ 
not,  therefore,  be  imputed  to  caprice.  Wherein, 
can  it  conlifl:  ?  This  is  to  be  the  fubjeft  of  our  pre* 
fent  enquir)'. 

1.  Every  one  confidcrs  the  azure  expanfe  of  hea- 
ven as  a  flattened  arch,  the  fummit  of  which  is  much 
nearer  to  us  than  the  under  part,  where  it  meets  the 
horizon.  A  perfon,  accordingly,  ftanding  oh  a  plane 
AB  (plate  -X.yf^.  7.)  which  extends  as  far  as  his 
fight  perceives  the  vault  of  heaven,  commonly  called 
the  firmament,  under  the  figure  A  E  F  B,  in  which 
-     Vol.  II.  G  g  ^« 
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rhe  difbuices  C  A  and  C  B  are  much  greater  Uun 
from  the  zenith  to  C. 

11.  This  idea  is  likewife,  beyond  all  queftion,  a 
mere  illufion  ;  there  being,  in  reality,  np  fuch  vault 
furrounding  and  inclofing  us  on  every  fide.  It  is  a 
void  of  immenfc  extent,  as  it  reaches  to  the  moft 
diftant  of  the  fixed  ftars,  an  interval  tliat  far  exceeds 
all  power  of  imagination.  I  ufe  the  word  void  to 
difHnguifll  it  from  grois  terrcftrial  bodies.  For,  near 
the  earth,  fpace  is  occupied  by  our  atmofphere  ;  and 
beyond,  by  that  fluid,  infinitely  more  fubtilc,  which 
■vc  call  el/xr. 

ni.  Though  tills  vault,  howevei",  has  no  real  ex- 
iftencc,  it  pofieflcs  an  undoubted  reality  in  our  ima- 
gination; and  all  mankind,  the  philofopher  as  well 
as  the  clo^vn,  are  fubjecl  to  the  lame  illufion.  On 
the  furfjce  of  this  arch  we  imagine  the  fun,  the  moon, 
and  all  the  {Urs  to  be  di^iofed^  like  fo  many  briltiant 
ftuds  affixed  to  it ;  and  though  we  luvc  a  perfeA 
ccmvi£)ion  of  the  contrary,  we  canoot  hdp  giving 
into  the  illufion. 

IV.  Ttus  being  lud  down,  when  the  moon  is  in 
the  horizon,  im^nation  attaches  her  to  the  pcunt  A 
or  B  of  this  fuppoied  yault,  and  hence  we  conclude 
her  diJhnce  to  be  as  much  greater  as  we  confider  the 
UneCAor  CB  to  be  greater  tlun  CZ;  but  when, 
as  flie  afcends,  and  approaches  the  zenith,  wc  ima- 
gine Ihe  comes  nearer,  and  if  fhe  reaches  the  very 
zenith  we  think  fbe  is  at  the  leafl  poffible  diftance. 

V.  The  illufion,  as  to  dHlance,  neceOarily  idvohres 

Ihat 
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that  which  refpeds  magnitude.  As  the  moon  at  A 
appears  much  farther  from  C,  than  in  the  zenith^ 
we  are,  in  a  manner ,  forced  to  conclude,  that  the 
moon  is  really  fo  much  greater ;  and  that  in  the  fame 
proportion  that  the  diftance  C  A  appears  to  exceed 
the  diilance  C  Z.  All  will  not,  perhaps,  agree  in  de- 
termining this  proportion ;  one  will  fay,  the  moon 
appears  to  him  twice  as  great,  when  in  the  horizon ; 
another  will  fay  three  times,  and  the  generality  wiU 
declare  fcHr  the  mecHum  between  two  and  three  j  but 
every  one  will  in&llihly' agree  in  aflerting  that  the 
moon  appears  larger. 

VL  It  may  be  neceflary ,  here,  to  prefent  you  with 
the  demonftration  of  this  propoiition.  The  compu- 
tation of  magnitude  is  neceflarily  involved  in  the 
computation  of  diftance.  When  the  moon  is  near 
the  horizon,  we  fee  her  (plate  X.  fg.  %.)  under  a 
certain  angle,  fay  M  C  A>  the  fpeftator  being  at  C : 
and,  when  fhe  is  at  a  very  great  elevation,  let  N  C  D 
be  the  angle  under  which  we  fee  her*  It  is  evident 
that  thefe  two  angles  MCA  and  N  C  D  are  nearly 
equal  to  each  other,  the  difference  being  impercep* 
tible. 

VH.  But,  in  tlie  firft  cafe,,  as  we  eftimate  the 
moon's  diftance  to  be  much  greater,  or  equal  to  the 
line  CA,  with  reference  to  the  imaginary  vault 
above  dcfcribed,  it  follows,  that  we  compute  the 
moon's  diameter  to  be  equal  to  the  line  M  A.  But, 
in  the  other  cafe,  the  difbnce  of  the  moon  C  D  ap- 
pears much  fmaller,  and,  confequently,  as  the  an^ 
N  C  D  is  equal  to  the  angle  M  C  A,  the  computed 

G  g  2  magnitud 
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inagnitude  DN  will  be  much  fnialler  than  the  com- 
putcd  magnitude  A  M. 

VIII.  To  put  this  beyond  a  doubt,  you  have  only 
to  cut  ofFfiom  the  lines  CM  and  CA,  the  parts  Cd 
and  C  n  equal  to  the  lines  CI)  and  C  N  ;  :ind  as  iu 
the  two  triangles  C  d  n  and  C  D  N,  the  angles  at  the 
point  C  are  equal,  the  triangles  themlelvcs  arc  like- 
wife  fo,  and,  cnnfcquenily,  the  line  DN  will  be 
equal  to  the  line  d n;  but  d n  is  evidently  fmallcr 
than  A  M,  and  that,  as  many  times  as  the  diftancc 
C  d  and  C  D  is  Icfs  tlian  C  A.  This  is  a  clear  de- 
monftration  of  tlie  reafon  why  we  eflimate  the  moon 
to  be  greater  when  in  the  horizon,  than  when  near 
the  zenith. 

^y!i  Afril,   176s. 

LETTER    CXIII. 

The  Heavens  appear  under  the  Form  cf  an  Arch  fiattened 
toward  the  Zenith. 

YOU  win  tax  me,  no  doubt,  with  pretending  to 
explain  one  illufion  by  another  equally  unac- 
countable. It  may  be  faid,  tliat  the  imaginary  vault 
of  heaven  Is  altogether  as  inconceivable  as  the  in- 
■crcafcd  appearance  of  the  moon  and  the  other  hea- 
venly bodies,  when  in,  or  near,  the  horizon.  The 
objedion  is  not  without  foundation,  and  therefore 
lays  me  under  the  neccflity  of  attempting  to  explain 
the  true  reafon,  why  the  heavens  appear  in  the  form 
of  an  arch  flattened  toward  the  fummit.    The  foU 

lowing 
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lowing  rcAe<5tions  may,  perhaps,  be  received  as  au 
acquittance  of  my  engagement. 

I.  In  order  to  account  for  this  imaginary  vault, 
it  will  be  alleged  that  it  proceeds  from  the  appear- 
ance of  the  heavenly  bodies,  as  feeming  more  re- 
mote, when  in  the  horizon,  than  when  near  to,  or 
ip,  the  zenith..  Thi^  is,  undoubtedly,  a  formal /^/z- 
iio  principiij  as  logicians  call  it,  or  a  begging  of  the 
queflion,  which  every  one  is  entitled  to  rejeft  as  a 
ground  of  reafoning.  In  truth,  having  faid  above, 
that  the  imaginary  vault  of  heaven  makes  the  moon, 
in  the  horizon,  appear  farther  oflf  than  when  near 
the  zenith,  it  would  be  ridiculous  to  affirm,  that 
f  he  thing  which  leads  us  to  imagine  the  exiftence  of 
fuch  a  vault  is,  that  horizontal  objeds  appear  more 
difiant  than  vertical.    ' 

II.  It  was  not,  however,  ufelels  to  fuggeft  the 
idea  of  this  imaginary  vault,  though  it  may  not 
carry  us  a  great  way  forward ;  and  after  I  fhall  have 
explained,  wherefore  the  heavenly  bodies  appear 
more  remote  when  viewed  near  the  horizon,  you 
will  be  enabled  to  comprehend,  at  the  fame  time, 
the  reafon  of  that  two-fold  univerfal  illuiion,  namely, 
the  apparently  increafed  magnitude  of  the  heavenly 
bodies,  when  in  the  horizon,  and  the  flattened  arch 
of  heaven. 

III.  The  whole,  then,  reverts  to  this,  to  explain 
wherefore  the  heavenly  bodies,  when  feen  in  the  ho- 
rizon, appear  more  remote  than  when  at  a  confi- 
dei;able  elevation :  I  now  affirm,  it  is  b^caufc  thefe 
objeds  appear  lefs  brilliant ;  and  this  impoies  on  me 
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which  we  fee  in,  or  near,  our  horizon,  have  a  longer 
fpact  of  the  acmofphere  to  pervade,  than  when  nearer 
the  zenith.  When  this  h  done,  you  will  eafily  com- 
prehend, why  the  heavenly  bodies  appear  much  Ids 
brilliant  when  near  the  horizon,  than  at  the  time  of 
rifrng  and  fetting.  This  Oiali  be  the  fubjecl  of  my 
next  letter. 

iJMaj,  176Z. 

LETTER   CSIV., 

Rsajon  aligned  for  the  Fa'intncfs  of  the  Light  of  Hea- 
venly Bodies  in  the  Horizon. 

WHAT  I  have  juft  ad\'anced,  namely,  that  the 
rays  of  the  heavenly  bodies,  when  in  the 
horizon,  have  a  larger  portion  of  our  atmofphere  to 
pervade,  may  appear  fomewhat  paradoxical,  confider- 
ing  that  the  atmofphere  univerfally  extends  to  the 
fame  height,  fo  that,  at  whatever  point  the  ftar  may 
be,  it's  rays  muft  always  penetrate  through  the  whole 
of  that  height,  before  it  can  reach  our  eyes.  The 
■following  reflections,  I  Batter'  myfelf,  will  give  you 
complete  {atisfaction  on  the  fubjcft. 

I.  It  is,  firft  of  ail,  ncceflary  to  form  a  juft  idea  of 
the  atmofphere  which  furrounds  our  globe.  For 
this  purpofe,  the  interior  circle  A  B  C  D  (flate  X. 
fig.  10.J  {hall  reprefent  the  earth,  and  the  exterior 
dotted  circle  abed  fliall  mark  the  height  of  the  at- 
mofphere. Let  it  be  remarked  that,  univerfally,  in 
proportion  as  the  air  rifcs  abtfve  the.furfacc  of  the 

earth. 
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tontinuaHy  loaded  with  heterogeneous  partides, 
rifing  into  it  above  the  earth,  fuch  as  vapours  and 
czhahtions,  which  deftroy  it's  tranfparency ;  fo  that 
if  a  ray  fhould  fall  in  with  fuch  a  partide,  it  would 
be  intercepttid,  and  almoft  extinguifhed  by  it.  It  is 
:iccor4ingly  evident,  that  the  more  the  air  is  loaded 
with  fuch  partides,  which  prevent  the  tranfiniffion 
of  light,  the  piore  rap  muft  be  loft  by  the  intercep<^ 
tion ;  and  you  know  that  a  ver}''  thick  mift  deprives 
the  air  of  almoft  all  it's  tranfparency,  to  fuch  a  de- 
gree, that  it  is  frequently  impoflible  to  diftinguifh 
otjefts  at  three  paces  diftance^ 

Vn*  Let  the  points  marked,  inflate  ^•fig*  9*  re-? 
prelent  fuch  partides,  fcattered  through  the  air, 
^ofe  number  is  greater  or  lefs,  according  as  the  air 
is  more  or  leis  tranfparent.  It  is  evident,  that  mlany 
of  the  rays,  which  pervade  that  ^pace,  muft  be  loft^ 
and  that  the  lois  muft.  be  greater,  in  proportion  at 
the  ipace  which  they  lu^l  to  run  (hroQf^  that  air  in 
greater.  We  fee,  thep,  that  diftant  obje6b  become 
invifiUe  in  a  fog,  while  fuch  as  are  very  near  the 
eye,  may  be  fttll  perceptible,  bocaule  the  rays  of  the 
firft  meet,  in  thdr  progriefs,  a  greater  nqmber  dt 
particles  which  obftruft  thfiir  tranftniflioni 

VHI.  We  muft  hencs  conchjde,  that  the  kmgep 
the  fpace  is,  through  wUdi  the  rays  of  U)e  heavenly 
bodies  have  to  pais  through  the  atmofphere,  in  order 
to  reach  our  eyes,  the  more  confiderable  muft  be 
their  lois  or  diminutioHf  Of  this  you  can  no  k>n^ 
entertain  any  dqubt.  All  that  remains,  then,  is 
fimply  ^'^  'lemonftrate,  that  the  rays  of  the  ftara 

^  -  whidi 
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which  we  fee  in,  or  near,  our  horizon,  have  a  longer 
fpace  of  the  atinofpliere  to  pervade,  than  when  nearer 
the  zenith.  When  this  is  done,  you  will  eafUy  com- 
prehend, why  the  heavenly  bodies  appear  much  Ids 
■  brilliant  when  near  the  horizon,  than  at  the  time  of 
rifing  and  fetting.  This  ihall  be  the  fubjccl  of  my 
next  letter. 

l^  May,  1762. 


LETTER   CSIV. 


Rcafon  aj/igned  for  the  Fa'mtncfs  of  the  Light  of  Hea- 
venly Bodies  in  the  Hciriiton. 

WHAT  I  have  juft  advanced,  namely,  that  the 
rays  of  the  heavenly  bodies,  when  in  the 
horizon,  have  a  larger  portion  of  our  atmofphere  to 
pervade,  may  appear  fomewhat  paradoxical,  confider- 
ing  that  the  atmofphere  univerfally  extends  to  the 
fame  height,  fo  that,  at  whatever  point  the  ftar  may 
be,  it's  rays  rouft  always  penetrate  through  the  whole 
of  that  height,  before  it  can  reach  our  eyes.  The 
following  reflexions,  I  flatter'  myfelf,  will  give  you 
complete  {ktis^ction  on  the  fubjeft. 

I-.  It  is,  firft  of  all,  neceffary  to  form  a  juft  idea  of 
the  atmofphere  which  furrounds  our  globe.  For , 
this  purpofe,  the  interior  circle  A  B  C  D  Cplate  X, 
fig.  10.J  (hall  reprefent  the  earth,  and  the  exterior 
dotted  circle  abed  Qiall  mark  the  height  of  the  at- 
mofphere. Let  it  be  remarked  that,  univerfally,  in 
proportion  as  the  air.  rifcs  ab(Ne  tbe^furface  of  the 

earth, 
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earth,  it  becomes  always  more  tranfparent  and  fub- 
tile,  fo  that,  at  laft,  it  is  imperceptibly  loft  in  the 
ether,  which  fills  the  whole  expanfe  of  heaven. 

II.  The  grofier  air,  that  which  is  moft  loaded  with 
the  particles  that  intercept  and  extinguiih  the  rays  of 
light,  is  univerlally  found  in  the  lower  regions,  near 
the  furface  of  the  earth.  It  becomes,  therefore,  more 
fubtile  as  we  afcend,  and  lefs  obftruAive  of  the  light ; 
and,  at  the  height  of  a  German  mile,  has  become  fo 
tranfparent,  as  to  occafion  no  perceptible  obftnidion 
whatever,  of  the  light.  The  diftance,  then,  between 
the  interior  circle  and  the  exterior,  may  be  fixed  at  a 
German  mile,  nearly,  whereas  the  femi-diameter  of 
the  globe  contains  about  85o  of  fuch  miles:  fo  that 
the  height  of  the  atmofphere  is  a  very  imall  matter, 
compared  with  the  magnitude  of  the  globe. 

UI.  Let  us  now  confider,  (plate  X.Jig.  n.)  a  fpec- 
tator  at  A,  on  the  furface  of  the  earth ;  and  drawing 
from  the  centre  of  the  globe  G,  through  A,  the  line 
G  Z,  it  will  be  directed  toward  the  zenith  of  the  fpec* 
tator.  The  line  AS,  which  is  perpendicular,  and 
touches  the  earth,  will  be  horizontal  to  it.  Confe- 
quently,  he  will  fee  a  ftar  at  Z  in  his  zenith,  or  in 
the  fummit  of  the  heavens ;  but  a  ftar  at  S  will  ap- 
pear to  him  in  the  horizon,  at  it's  rifing  or  fetting. 
Each  of  thefe  ftars  may  be  confidered  as  infinitely 
diftant  from  the  earth,  though  it  was  impoffible  to 
reprefent  this  in  the  figure. 

IV.  Now  you  have  only  to  caft  your  eye  once 
more  on  the  figure,  to  be  fatisfied  that  the  rays  pro- 
ceeding from  S  have  a  much  longer  fpace  to  travel 

through 
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through  the  atmofphcre,  than  thofe  from  the  flar  Z, 
before  they  reach  tlie  fpectator  at  A.  Thofe  from  the 
ftar  Z  have  only  lo  pa&  through  the  perpendicubr 
heio'ht  of  the  atmolphere  a  A,  which  is  not  above  a 
German  mil-; ;  whereas  thofe  that  come  from  th« 
ftar  S  have  to  travel  the  whole  fpacc  b  A,  which  b 
cvi<ient!y  much  longer ;  and  could  the  figure  be  re- 
prcfented  more  conformably  to  the  fact,  lb  as  to  ex- 
liibit  the  radius  G  A  860  times  longer  than  the 
height  A  a,  we  fliould  find  the  (Stance  A  6  to  exceed 
40  fuch  miles. 

V.  It  is  farther  of  importance  to  remark,  that  the 
rays  of  the  ftar  Z  have  but  a  very  fmall  fpace  lo  travel 
through  the  lower  region  of  the  atmolphere,  which 
is  moft  loaded  with  vapour  ;  whereas  the  rays  of  the 
ftar  S  have  a  much  longer  courfe  to  perform  through 
that  region,  and  are  obliged  to  crawl,  if  I  may  ufe 
the  expreffion,  along  the  fur&ce  c^  the  earth.  Thd 
conclufion,  then.  Is  obvious.  The  rays  of  the  ftar  % 
undergo  {carcely  any  diminution  of  Ivftre,  but  thofe 
of  the  fbr  S  muft  be  almoft  extinguilhed  from  -fo 
long  a  paifage  through  the  groffer  air. 
.  VI.  It  is  indifputably  certain,  then^.th^t  the  ilan 
whidi  we  fee  in  the  horizon^  muft  appear  with'  Ik 
luftrc  extremely  diminiflied ;  and  it  will  fimf^  ac> 
count  to  you  for  a  wetl-known  faft,  that  you  can, 
without  any  inconvenience,  fix  your  eyes  fteadily  on 
the  riling  or  fctting  fun,  whereas  at  noon,  or  at  a 
confiderable  elevation,  hts  -  tuHre  is  infupportahle* 
This  is  the  firfl:  point  I  undertook  to  demonfbate ; 
rprocced  to  the  fccond,  namely,  to  prove  that  it  is 

the 
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the  diminution  of  light  which  forces  us,  abnoft,  to 
imagine  the  heavenly  bodies  at  a  much  greater  dif- 
tance,  than  when  we  fee  them  in  all  their  lufire. 

Vn.  The  reafon  mufi  be  fought  in  terreftrial  bo« 

^es,  with  which  we  are  every  day  converlant,  and 

rei^)eding  whofe  diftance  we  form  a  judgment.   But 

for  the  lame  reafon  that  rays  of  light,  in  paffing 

through  the  air,  undergo  fome  diminution  of  luftre, 

it  is  evident,  that  the  farther  an  objed  is  removed 

from  us,  the  more  of  it's  luffare  it  loies,  and  the  more 

obfcure  it  becomes  in  proportion.  Thus  a  very  diftant 

mountaun  af^pears  quite  dark ;  but,  on  a  nearer  ap» 

proach,  we  can  eafily  difcover  trees  on  it,  and  other 

minuter  objeds,  which  it  was  impoffihle  to  diftin- 

guiih  at^  very  remote  diftance. 

Vin.  This  obfervation,  fo  general,  and  which  never 
mifleads  us  in  contemplating  terreftrial  bodies,  has 
produced  in  us,,  from  our  childhood,  this  funda- 
mental  prindple,  from  wluch  we  conclude  objeds  to 
be  diftant  in  proportion  as  the  rays  of  light  which 
they  emit  are  weakened.  It  is  in  virtue  of  this  prin« 
dple,  therefore,  that  we  conclude  the  moon  to  be 
farther  off  at  lifing  and  fetting,  than  at  a  confiderabk 
devation ;  and  for  the  fame  reafon  we  conclude  ihe 
is  fo  much  greater.  Tou  will,  I  flatter  myfelf,  admit 
this  reafoning  to  be  folid ;  and  this  embarrailing 
phenomenon  to  be  as  clearly  elucidated  as  the  nature 
of  the  fubjed  permits. 

4/^  JjCTy,  1762. 
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LLTTER    CSV. 

Uftijion  refpeding  thi  Dijiance  efObjeUsj  and  the  Dim 
nution  cfLuJlre. 

TI^E  principle  of  our  imagination,  by  which  !• 
have  endeavoured  to  explain  the  phenomenon 
of  ihc  moon's  greater  appsrent  magnitude  in  the  ho- 
rizon than  at  a  conliderable  elevation,  is  fo  deeply 
rooted  in  our  nature  as  to  become  the  fource  of  a 
llmufmd  fimilar  iliufioris,  fouic  of  which  I  will  take 
ihc  liba'ty  to  fuggeft. 

\Vc  have  been  habituated  from  infancy,  almofl  in- 
^■oIu^tarily,  to  imagine  objects  to  be  dirtant  in  pro- 
portion as  their  luftrc  is  diminifhed:  and,  on  the 
otlier  hand,  very  brilliant  dyccls  appear  to  be  nearer 
than  they  really  are.  'lliis  illulion  can  proceed  only  • 
from  ■  an  ill-reguiated  imagination,  which  very  (re- 
qucntly  miflcads  us.  It  is  neverthelds  lb  naturiU^- 
and  founiverfal,  that  no  one  is  capable  of  guarding 
qgainft  it»  though,  the  error,  in  many  cafes,  is  ex- 
tremely palpable,  as  I  have  fhevf ed  in,  the  inftapce  of 
the  moon  :,  but  we  are  equally  deceived  in  a  vari^y 
of  iither  inflaocgs.,  As  I  Ihall  prefently  make  appear. 
I.  It  is  a  well-known  illufion,  that  the  ^ame  of  a 
conflagration, "in  the  night,  .appears  much  iiearer 
than  it  really  is.  The  reafon  is  obviou?^  the  fire 
blades  in  all  it's  luftrc,  and  in  conformity  to  a  prin- 
ciple  pre-cftablilhctl  in  tlie  imagination,  we  always 
conclude  it  to  be  nearer  than  it  is  in  reality. 

U.  For 
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II.  For  the  fame  reafon,  a  great  hall,  the  walls  of 
which  are  perfecUy  white,  always  appears  fmallen 
White,  you  know,  is  the  moft  brilliant  colour:  hence 
we  conclude  the  walls  of  fuch  an  apartment  to  be  too 
near,  and,  confequently,  the  apparent  magnitude  is 
thereby  diminifhed. 

in.  But  in  an  apartment  hung  with  black,  as  h 
the  cuftom  in  mournings,  we  perceive  the  diredly 
oppoiite  effect.  The  apartment  now  appears  con- 
iiderably  more  i^acious  than  it  really  is.  Black  is, 
undeniably,  the  moft  gloomy  of  colours,  for  it  rc- 
^efts  fcarcdy  any  light  on  the  eye ;  hence  the  walls 
of  an  apartment-  in  deep  mourning  feem  more  dif* 
tant  than  they  are,  and  confequently  greater ;  but 
let  the  black  hangings  be  removed,  -and  the  white 
colour  re-appear,  and  the  apartment  will  feem  con- 
tracted. 

IV.  No  dafs  of  men  avail  themfclves  more  of  thi^ 
natural  and  univerfal  illufion  than  painters.  The 
fame  pifture,  you  know,  reprelcnts  feme  objects  as 
at  a  great  diftance,  and  others  as  very  near ;  and 
here  the  Ikill  of  the  artift  is  moft  confpicuous.  It  is 
not  a  little  furprizing,  that  though  we  know,  to  ab- 
folute  certainty,  all  the  reprefentations  of  a  pifture  to 
be  expreffed  on  the  fame  furface,  and,  confequently, 
at  nearly  the  fame  diftance  from  the  eye,  we  fhould 
be,  neverthelefs,  under  the  power  of  illufion^  and 
imagine  fome  to  be  quite  near,  and  others  extremely 
diftant.  This  illufion  is  commonly  afcribed  to  a 
/dextrous  management  of  light  and  fhade ;  which, 
undoubtedly,  fumifli  the  painter  with  endlefs  re* 

fourccs. 
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II.  For  the  fame  rcafon,  a  great  hall,  the  walls  of 
which  are  pcrfeftly  white,  always  appears  finaller. 
White,  yoo  know,  is  the  moft  brilliant  colour:  hence 
we  conclude  the  walls  of  fuch  an  apartment  to  be  too 
near,  and,  confequently,  the  apparent  niagnitudc  is 
thereby  diminiihed. 

UL  But  in  an  apartment  hung  with  black,  as  U 
the  cuftom  in  mournings,  we  perceive  the  dirccily 
oppofite  effed.  The  apartment  now  appears  con- 
fiderably  more  fpacious  than  it  really  is.  Black  is, 
undeniably,  the  moft  gloomy  of  colours,  for  it  rc- 
flefts  fcarccly  any  light  on  the  eye  j  hence  the  walls ' 
of  an  aparfmeut-in  deep  mourning  fecm  morc<lif- 
tant  than  they  are,  and  confequently  greater ;  but 
let  the  black  hangings  be  removed,  and  the  white 
colour  re-appear,  and  the  apartment  wUl  feem  con- 
traaed. 

IV.  No  dais  of  men  avail  tliemfclvcsmorc  of  this 
natural  and  univerlal  illufion  than  painters.  The 
iame  pifture,  you  know,  reprclcnls  feme  objecli  as 
at  a  great  diftance,  and  others  as  very  near ;  and 
here  the  1^11  of  the  artift  is  mofc  confpicuous.  It  i^ 
not  a  little  furprizing,  that  though  wc  know,  to  ab- 
folute  certainty,  all  the  reprcfentations  of  a  ptfture  f  o 
be  expreffed  on  the  lame  furface,  and,  confequently, 
at  nearly  the  fame  diftance  from  the  eye,  we  fhould 
be,  neverthelefs,  under  the  power  of  illufion^  and 
imagine  fome  to  be  quite  near,  and  others  extremely 
diftant.  This  illulion  is  conmioniy  afcrlbcd  to  a 
dextrous  managcmL-iiI  'li  H^iit  a 
undoubtedly,  furmlh  thcrauid^^  'll>-'l-i 
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fources.  But  you  have  only  to  look  at  a  jnchire  to 
be  IcnHble,  that  tlie  objects  intended  to  be  thrown  tv 
a  great  diftance,  arc  but  faintly  and  even  indilUndly 
cspreflcd.  Thus,  when  the  eye  is  directed  to  very 
remote  objecb,  we  cafily  percdve,  for  example,  that 
they  are  men,  but  it  is  imponible  to  diftingnifh  the 
parts,  fuch  as  the  eyes,  the  nofe,  the  mouth  j  and  it 
is  in  conformity  to  this  appearance,  that  the  painter 
rqirefents  objecls.  But  thofe  which  he  intends 
fiiould  appear  clofe  to  us,  he  difplays  in  all  the 
brightnels  of  colouring,  and  is  at  pains  clearly  to  cx- 
prefs  each  minute  particular.  If  they  arc  perfon^ 
we  can  diftinguifli  tlie  fmallefl  lineaments  of  the  foce« 
the  folds  of  the  drapery,  &c.:  this  part  of  the  re- 
prefentation  feems,  1  may  fay,  to  rife  oat  of  the  can* 
vas,  while  other  parts  appear  to  fink  and  retire. 

V.  On  this  illufion,  therefore,  the  whole  art  <rf 
painting  entirely  refts.  Were  we  accuftomed  to  fsxia 
our  judgment  in  ftriA  conformity  to  truth,  this  art 
would  make  no  more  imprd&on  on  us  than  if  we 
were  blind.  To  no  purpofe  would  the  painter  call 
forth  all  his  powers  of  genius,  and  employ  the  hap< 
picft  arrangement  of  colours,  we  Jhould  coldly  affirm, 
on  that  piece  of  canvas,  there  is  a  red  i^x>t,  here  a 
blue  one ;  there  a  black  ftroke,  here  fome  whitHh 
lines:  every  thing  is  on  the  Jame  plane  furlaoc;  there 
is  no  rifing  nor  linking;  therefore  no  real  otijed  csa 
be  reprefentcd  in  this  manner:  the  whole  vould,  in 
this  cafe,  be  coniidered  as  a  fcranding  on  paper,  and 
we  fliould,  perhaps,  &tigue  onrlelTes  to  no  piirpole^ 
ID  attempting  to  decypher  the  meaning  of  all  tbeie 
y  different 
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dii^erent  coloured  fpots.  Would  not  a  man,  in  luch 
a  ilate  of  perfcdion,  be  an  object  of  mucli  compaflion  , 
thus  deprived  of  the  pleafure  refulting  from  the  pro. 
ductions  of  an  art,  at  once  ib  amuCng,  and  fo^in- 
ilruftive  ? 

StiMa^i  1762. 


LETTER   CXVL 
On  the  Azure  Colour  of  the  HeUvens* 

YOU  are  now  enabled  to  comprehend  the  realbn 
why  the  fun  and  moon  appear  much  greater 
when  in  the  horia^n^  than  at  a  coniiderable  eleva- 
don.  It  confifts  in  this,  that  we  then  unintentionally 
compute  thefe  bodies  to  be  at  a  greater  diftance,  a 
computation  founded,  on  the  very  confiderable  dimi- 
iiudon  which  their  lufirei  in  that  poiition,  undeigoes, 
from  the  longer  pailage  which  the  rays  have  to  force, 
through  the  lower  region  of  the  atmofphere,  wliich 
is  the  moft  loaded  with  vapours  and  exhalations, 
whereby  the  tranfparency  is  diminiflied.  lliis  is  a 
brief  r^cafHtulation  of  the  refledions  which  I  haye 
taken  the  liberty  to  fuggell  on  this  fubjeft. 

This  quality  of  the  air,  which  diminiflies  tranfpa- 
rency, might,  at  firft  fight,  be  confidered  as  a  defeft* 
But  cm  attending  to  confequences,  we  Ihall  find  it  fo 
far  firom  bdng  fuch,  that  we  ought,  on  the  contrary, 
to  acknowledge  in  it  the  infinite  wifiiom  and  good- 
n^  of  the  Creator.  To  this  impurity  of  the  air 
w*e  are  indebted  for  that  wonderful  and  nts 
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fpeiflacle  ■which  the  azure  of  the  heavens  prefentii  to 
the  eye  ;  for  the  opsquc  particles,  Avhich  obftruft  the 
rays  of  light,  are  illuminated  by  them,  and  afterwards 
rc-tranfmit  their  own  proper  rays,  produced  in  their 
furface  by  a  violent  agitation,  as  is  the  cafe  in  all 
opaque  bodies.  Now,  it  is  the  number  of  vibrations 
comniunicatcd  to  them,  which  reprcfents  to  us  tins 
magnificent  azure :  a  circumftance  which  well  de- 
ferves  to  be  completely  unfolded. 

L  1  obferve,  firft,  that  thcfe  particles  are  extrcme^jjj« 
minute  and  confidcrably  diftarvt  from  eacli  other,  be^^ 
fides  their  being  dciicatdy  fine  and  almoft  wholly 
tranfparent.  Hence  it  comes  to  pafs,  that  each,  fe- 
parately,  is  abfolutely  imperccpiible,  fo  that  we  can 
be  affected  by  them  only  when  i  very  great  number 
iranfmit  their  rays  at  once  to  the  ej'c,  and  nearly  in 
the  fame  dircdion.  Tlierays  of  fevcral  muft,  there- 
fore, be  collefted,  in  order  to  excite  a  fenfation. 

II.  Hence  it  clearly  follows,  that  fuch  of  thefe  par* 
tides  as  are  near  to  us  efcape  our  fehfes,  for  they 
muft  be  confidered  as  points  difperfed  through  the 
mals  of  air. 

But  fuch  as  are  very  diftant  from  the  eye,  as  (flaa 
XL  Jig.  I.)  the  points  a  be  colle£l  in  the  eye,  alm<^ 
according  to  the  fame  direfUon,  their  fevcral  xayst 
which,  thus,  become  fuSiciently  ftrong  to  aficft  the ' 
fight,  efpecially  when  it  is  confidered  that  fimilar 
particles  morQ  remote,  tt/g  A,  as  well  as  others  more 
near,  concur  ii>  producing  this  effe£t. 

HI.  The  azur«  colour  which  we  fee  in  the  heavens, 
when  ferene,  is  nothing  eUe,  then,  but  the,  refult  df 

an 
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all  thefe  particles  difperfed  through  the  atmofphere, 
efpedally  of  fuch  as  are  very  remote :  it  may  be  af- 
firmed, therefore,  that  they  arc  in  their  nature  blue, 
but  a  bhie  extremely  clear,  which  becomes  not  fuf- 
ficiently  deep  and  perceptible,  excq)t  when  they  are 
in  a  very  great'  number,  and  unite  their  rays  accord- 
ing to  the  fame  direction. 

IV.  Art  has  the  power  of  producing  a  iimilar  effeft. 
Ifi  on  difiblving  a  fmall  quantity  of  indigo,  in  a  great 
qtiiantity  of  water,  you  let  that  water  fall  drop  by 

'  drop,  you  will  not  perceive  in  the  feparate  drops  the 
ffighteft  appearance  of  colour ;  and  on  pouring  fome 
of  it  into  a  fmall  goUet,  you  will  perceive  only  a 
£dnt  bluifh  colour.  But  if  you  fill  a  large  vcfiel  with 
tihe  £une  water,  and  view  it  at  a  d^ance,  you  will 

.perceive  a  very  deep  blue.  The  iaitie  experiment 
may  be  made  with  other  colours.  Burgundy  wine, 
in  very  finall  quantities,  appears  only  to  be  faintly 
reddiih,  but  in  a  large  fiafk  completely  filled,  the 
wine  appears  of  a  deep^red. 

V.  Water,  in  a  large  and  deep  veffel,  prefents  fome- 
thing  like  colour,  but,  in  a  fmall  quantity,  is  alto* 
gether  dear  and  limpid.  This  colour  is,  commonly, 
more  or  le(s  of  a  greenifh  caft,  which  may  warrant  us 
ib  faying,  that  the  minute  particles  of  water  are  like- 
wife  fo,  but  of  a  colour  fo  ddicately  fine  that  a  great 
mafi  of  it  muft  be  collected,  before  the  colour  can  be 
perceptible,  becaufe  the  rays  of  a  multitude  of  par- 
tides  then  concur  toward  producing  thia  efFeft. 

VI.  As  it  appears  probable,  from  this  obfervation, 
that  the  minute  particles  of  water  are  greenifh,  it 
.    Vou  II.  II  h  mi^ht 
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might  be  nuintaincd,  thjt  die  reafim  why  the  So,  or 
the  Viter  of  i  Iak£  or  pool,  appon  green,  is  the  very 
iktnc  that  givct  the  heavens  the  appeanuice  of  azorc. 
For  it  is  more  probable,  that  all  the  partides  of  the 
air  flioulti  have  a  fainOj-  bluifc  caft,  but  fo  very  faint, 
as  to  be  imperceptible  till  prefented  in  a  protUgioui 
mafs,  fucli  as  the  whole  extent  of  the  atmofphere  j 
than  that  this  colour  15  to  be  afcribed  to  vapours 
floating  in  the  air,  but  which  do  not  appertain  to  it. 

vn.  In  fact:,  the  purer  the  air  is,  and  the  more 
purged  from  exhalation,  the  brighter  is  the  luftre  of 
lieaven's  azure  ;  which  is  a  fuflicicnt  proof,  that  we 
muft  look  for  the  rcafon  of  tt,  in  the  nature  of  the 
proper  particles  of  the  air.  Extraneous  fubftances 
mingling  with  it,  fuch  as  exh^tions,  become,  on 
the  contrary,  injurious  to  that  beautiful  azure,  and 
fcrve  to  dtminifh  it's  luftre.  When  the  air  is  over- 
loaded with  fuch  vapours,  they  produce  fogs  near 
fhe  fur&ce,  and  entirely  conceal  from  us  the  azure 
appearance  ;  when  they  are  more  elevated,  as  is  fre- 
quently the  cafe,  they  form  clouds,  which  frequently 
cover  the  whole  face  of  the  Iky,  and  prefent  a  very 
different  colour  from  that  of  this  azure  of  the  pure 
air.  This,  then,  is  a  new  quality  of  air,  different 
from  thofe  formerly  explained,  fubtility,  fluidity  and 
elafticity ;  namely,  the  minute  particles  of  air,  are  in 
their  nature  blulOi. 

iitbMajr,  1761, 
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LETTER   CXVn. 

tVhat  the  Affearance  would  be^  were  the  Air  ferfedlf 

tranfparent. 

INDEPENDENT  of  the  beautiful  fpeftacle  of  the 
azure  heavens,  procured  for  us  by  this  colour  of 
the  circumambient  air,  we  Ihould  be  miferable  in  the 
extreme,  were  it  perfeftly  tranfparent,  and  divefted 
of  thofe  bluilh  particles ;  and  we  have  here  a  new 
reafon  for  adoring  the  infinite  wifdom  and  goodnefi 
of  the  Creator. 

That  you  may  have  £uB  conviftion  of  the  truth  of 
my  aflertion,  let  us  fuppofe  the  air  to  be  quite  tranf- 
parent, and  fimilar  to  the  ether,  which,  we  know, 
tranfmits  all  the  rays  of  the  ftars,  without  intercept- 
ing fo  much  as  one,  and  contains  no  particles  them- 
felves  illuminated  by  rays,  for  fuch  a  particle  could 
not  be  fo,  without  intercepting  fome  of  the  rays 
which  fell  upon  it.  If  the  air  were  in  this  ftate,  the 
rays  of  the  fun  would  pafs  freely  through  it,  without 
the  re-tranfmiilion  of  any  light  to  the  eye :  we  Ihould 
receive,  then,  thofc  rays  only  which  came  to  us  im- 
mediately from  the  fun.  The  whole  heavens,  except 
the  fpot  occupied  by  the  fun,  would  appear,  there" 
fore,  completely  dark ;  and,  inftead  of  this  brilliant 
blue,  we  Ihould  difcover  nothing,  on  looking  up- 
ward, but  the  deepeft  black  and  the  moil  profound 
night. 

Plate  Xhfi,^.  2,  reprcfents  the  funj  and  the  point 

II  h  2  O  is 
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than  that  of  the  fun  i  and  this  will  convince  you, 
that  the  light  proceeding  from  the  ftars,  is  a  mere 
nothing  in  comparifon  with  the  light  of  the  fun.  But 
the  illumination  of  the  heavens,  in  the  day-timc,- 
cven  though  the  fun  fhould  be  ovcr-douded,  is  fo 
great,  as  many  thoufand  times  to  exceed  the  light  of 
the  full  m( 

You  muft  hive  frequently  perceived  that,  in  the 

it,  when  the  ftars  appear  much 

,  ar  ily  of  fuperior  magni- 

are  ■*  t  le  moon's  vicinity ;  a 

nt  pre  nger  light  always  ab- 

the  feebler. 

It  is,  then,  an  unfpeakablc  benefit,  that  our  atmo- 
fphere  Ijegins  to  be  illuminated  by  the  fun,  even  be- 
fore he  rifes,  as  we  are  thereby  prepared  to  bear  the 
vivacity  of  his  rays,  which  would  otherwife  be  in- 
fupportable,  that  is,  if  the  tranlition  from  night  to 
day  were  inftantaneous.  The  feafon  during  which, 
the  atmofpherc  is  gradually  illuminated  before  fun- 
rifing,  and  continues  to  be  illuminated  after  he  fets, 
is  denominated  twilight.  This  fubjecl,  from  it's 
importance,  merits  a  particular  explanation,  which 
I  propofe  to  attempt  in  my  next  Letter :  and  thus, 
one  article  in  phyfics  naturally  runs  into  another. 

ipb  Maj,   l;6l. 
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ftar  N,  however  near  it  might  be  to  the  fun.  It  is 
eafy  to  comprehend  in  what  a  difmal  ftate  we  ihould 
then  be.  Tliis  proximity  of  luftre  infupportable> 
and  darknefs  the  moil  profound,  muft  deibroy  the 
organs  of  vifion,  and  quickly  reduce  us  to  total  blind- 
neis.  Of  this  fome  judgment  may  be  formed  from 
the  inconvenience  we  feel  on  palling  fuddenly  froxi) 
<larknefs  into  light. 

Now,  this  dreadful  inconvenience  is  completely 
remedied  by  the  nature  of  the  air,  froip  it*s  contain* 
ing  particles  opaque  to  a  very  fmall  degree,  and  fuf^ 
ceptible  of  illumination.  Accordingly,  the  moment 
the  fun  is  above  the  horizon,  nay  fomewhat  earlier, 
the  wh^e  atmofphere  becomes  illuminated  with  his 
rays,  and  we  are  prefented  with  that  beautiful  azuro 
iBviiich  I  have  defcribed,  fo  that  our  eyes,  whichever 
way  directed,  receive  a  great  quantity  of  rays,  ge- 
nerated in  the  fame  particles.  Thus,  on  looking  to- 
iward  IvI,  (yee  the  fame  fgtire  as  before)  we  perceive  a 
great  degree  of  light,  produced  by  tliis  brilliant  azurq 
of  the  heavens. 

Thi3  very  illumination  of  the  atmofphere  prevents 
our  feeing  the  flars  by  day :  the  reafon  of  this  is  ob- 
vious. It  far  exceeds  that  of  the  flars,  and  the  greater 
light  always  makes  the  lefler  to  di&ppear ;  and  the 
nerves  of  the  retina,  at  the  bottom  Qf  the  eye,  being 
already  flruck  by  a  very  flrong  light,  are  no  longer 
fenfible  to  the  impreffion  made  by  the  feebler  light  of 
the  ftars. 

You  will  pleafe  to  recollect  that  the  light  of  the 
full  moon  is  upward  of  300,000  times  more  faint 

n  h  3  than 


47*  REFRACTION  OF  RAYS  OF  LIGHT 

our  horizon  begins  to  be  iJlutninatcd  at  R,  and  in 
proportion  as  the  fun  approaches  the  horizon,  a. 
greater  part  of  it  will  be  illuminated,  till  it  becomes^ 
at  length,  completely  luminous. 

This  re  ion  leads  me  forward  to  another  phe- 
nomenon equally  interefting,  and  very  intimately 
connected  with  it,  nam  mat  the  atniofphere  dif- 
covers  to  us  the         I  ;  fun  and  of  the  other 

Aars,  fome  time  z  t  above  the  horizon, 

and  fome  time  aiter  e  fallen  below  it,  by 

means  of  the  r  m       u      rays  of  light  undergo 

on  pailing  from  ttic        "i  into  the  grofler  air, 

which  conllitutes  our  atmofpHere;  of  this  I  proceed 
to  give  you  the  dcriionflt'ation. 

I.  Rays  of  light  do  not  continue  to  proceed  for- 
ward in  a  ftraight  line  any  longer  than  they  move 
through  a  tranfparent  medium  of  the  fame  nature. 
As  foon  as  they  pafs  from  one  medium  to  another, 
they  are  diverted  from  their  rectilinear  direction, 
their  path  is  as  it  were  broken  off;  and  this  is  what 
wc  call  refraction,  which  I  formerly  explained  at  con- 
fidcrablc  length,  and  demonftrated  that  rays,  on 
palling  from  air  into  glafs,  and  reciprocally,  are  thus 
broken  or  rcfrafted; 

II.  Now  air  being  a  different  medium  from  ether, 
when  a  ray  of  light  paffcs  from  ether  into  wr,  it 
muft,  of  neccflity,  undergo  fome  refraction. 

Thus,  the  arcli  of  the  circle    A  M  B  (plate  XL 
fi^,-  4")  terminaiing  our  upper  atmofphcre,  if  a  ray 
oi  light  M  S,  from  the  ciher,  falls  upon  it  at  M,  it 
will  not  proceed  ftraight  forward  in  the  fame  direc- 
tion 
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Rcfra6lion  of  Rays  of  Light  hi  the  Atmofphere^  and  it^s 
.    Effeds.     Of  the  Twilight.     Of  the  apparent  rifmg 
and  fetting  of  the  Heavenly  Bodies. 

TN  order  to  explain  the  caufe  of  the  twilight,  or 
-*•  that  illumination  of  the  heavens  which  precedes 
the  rifing  of  the  fun,  and  continues  fome  time  after 
he  is  fet,  I  mull  refer  you  to  what  has  l>een  already 
demonftrated  refpecting  the  horizon  and  the  atmo- 
iphere. 

Let  the  circle  A  O  B  D  {flate  XI.  fig.  3.)  reprcfent 
the  earth,  and  the  dotted  circle  a  old  the  atmo- 
fphcre :  let  a  point  O  be  affumed  on  the  furfacc  of 
the  earth,  through  which  draw  the  ftraight  lire 
H  O  R  I,  touching  the  earth  at  O,  and  this  line  H I 
will  reprefcnt  the  horizon,  which  feparatcs  that  part 
of  the  heavens  which  is  vilible  to  us,  from  that  which 
is  not.  As  foon  as  the  fun  has  reached  this  line,  he 
appears  in  the  horizon,  both  at  rifing  and  fetting, 
and  the  whole  atmofphere  is  then  completely  illu- 
minated. But  let  us  fuppofe  the  fun,  before  his  rif- 
ing, to  be  ftill  under  the  horizontal  line  at  S  t  from 
which  the  ray  S  T  R,  grazing  the  earth  at  T,  'may 
reach  the  point  of  the  atmofphere,  fituated  in  01.  r 
liorizon ;  the  opaque  particles  which  are  there  wiil 
already  be  illuminated  by  that  ray,  and  confequently 
have  become  vifible.  Accordingly,  fome  time  be- 
fore  tlic  rifing  of  the  fun,  the  atmofphere  ho^  over 

H  h  4  our 
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kw  the  horizon  at  S,  or,  which  is  the  fime  thin^, 
bdow  the  horizontal  line  O  M  V. 
-  V.  However,  as  the  ray  M  O,  which  meets  the  ey^ 
is  horizontal,  we  aflign  that  diretfHon  to  the  fun  him. 
felf,  and  imagine  Iiim  to  be  afhially  at  V,  that  is,  in 
the  horizon,  though  he  is  ftili  below  it.  And  reci- 
procally, as  often  as  we  fee  the  fun,  or  any  other  ftar, 
in  the  horison,  we  are  alTured  they  are  ftill  below  it, 
according  to  the  angle  S  M  V,  wliich  aftronomcrs 
Tiave  obfcrved  to  be  about  half  a  degree,  or,  more 
exacUy,  32  minutes.  1 

Vl.  In  the  morning,  then,  we  fee  the  fun  before  I 
lie  has  reached  our  horizon,  that  is,  wliile  he  is  yel  I 
an  angle  of  32  minutes  below  it  ;  and  in  the  even- 
ing a  confiderable  time  after  he  is  really  fet,  as  wc 
fee  him  till  he  has  defcended  an  angle  of  33  minutes. 
We  call  that  the  true  rifing  and  fetting  of  the  fun, 
when  he  is  achially  in  the  horizon  ;  and  the  com- 
piencement  of  his  appearance  in  the  morning,  and 
difappearing  at  night,  we  denominate  the  apparent 
riling  and  fetting. 

VII.  This  refraftion  of  the  atmofphere,  which  ren- 
ders the  apparent  rifing  and  fetting  of  the  fun  both 
earlier  and  later  than  the  real,  procures  for  us  the 
benefit  of  a  miich  longer  day  than  we  fhould  enjoy, 
did  not  the  atmofphere  produce  this  effeft.  Such  is 
the  explanation  of  a  very  important  phenomenon  in 
nature. 

l3fA3%,  1762. 
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dori  VL  N,  but  will  affume,  on  entering  into  the  air, 
the  direftion  M  R,  fomewhat  different  from  M  N, 
and  the  angle  N  M  R  is  denoounated  the  angle  of 
rcfiradion,  or,  (imply,  the  refra^on. 

m.  I  have  already  remarked,  that  the  refraction 
is  greater  in  proportion  as  the  ray  S  M  falls  more 
obliquely  on  the  furface  of  the  atmofphere ;  or  as  the 
angle  BMS  is  fmaller  or  more  acute.  For  if  the  ray 
SM  falls  perpendicularly  on  the  furface  of  the  atmo- 
^here,  that  is,  if  the  angle  B  M  S  is  a  right  angle, 
no  refraftion  will  take  place,  but  the  ray  will  purfue 
it's  progrefs  in  the  £une  firaight  line.  This  rule  is 
imiverfally  applicable  to  every  kind  of  refradion, 
whatever  may  be  the  nature  of  the  two  media, 
through  which  the  rays  traveL 

IV.  Let  the  arch  of  the  circle  A  O  B  (Opiate  XI. 
^.  5.)  reprefent  the  furface  of  the  earth,  and  the 
arch  E  M  F  terminate  the  atmofphere.  If  you  draw 
at  O  the  line  O  M  V,  touching  the  furface  of  the 
earth  at  O,  it  will  be  horizontal.  And  if  the  fun 
is  ftiU  under  the  horizon  at  S,  fo  as  to  be  ftill  invi- 
iible  (for  no  one  of  his  rays  can  yet  reach  us  in  a 
ilraight  line)  the  ray  SM,  being  continued  in  a 
firaight  line,  would  pais  over  us  to  N ;  but  as  it  falis 
on  the  atmofphere  at  M,  and  in  a  very  oblique  di- 
reftion,  the  angle  FMS  being  very  acute,  it  will 
thence  undergo  a  very  confiderable  refradion ;  and 
inftead  of  proceeding  forward  to  N,  would  aiTume 
the  direclion  M  O,  fo  that  the  fun  would  be  aftually 
vifibic  to  a  perfon  at  O,  though  ftill  confiderably  be- 
low 
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tlicre  be  i  (iar  at  S  :  were  there  no  atniofphere,  the 
ray  S  M  O  would  proceed  in  a  ftr^ighi  line  to  the 
e}'e  at  O,  and  we  fiiould  fee  it  in  the  lame  direction 
OMS,  where  it  would  actually  be,  that  is,  we  Ihould 
fee  it  in  it's  true  place.  I,et  us,  then,  meafure  the 
angle  S  0  R,  formed  by  the  ray  S  O  with  the  hori- 
zon O  R,  and  this  a  ncd  the  heij^ht  of  the 
ftar,  or  it's  el  :  horizon.  We  mca- 
fiire  alfo  the  ;  tned  by  the  ray  S  0 
with  the  verti*  ,  inating  in  the  zenith  i 
and  as  the  angf  I  is  :  igfat  angle,  or  90  de- 
greesjWe  have  o  the  angle  SOZ  from 
5>o  degrees,  to  have  S  O  K,  which  ^ves. 
the  true  elevation  of  the  flar. 

III.  But  let  us  now  attend  to  the  atmofpher^ 
which  I  fuppofe  terminated  by  the  arch  HDNMR; 
and,  I  remark,  firft,  that  the  preceding  ray  SM  of 
the  ftar  S,  on  entering  into  M  in  the  atmc^phere, 
does  not  proceed  dtrecUy  forward  to  the  eye  at  O, 
but,  from  the  refraction,  will  aflume  another  direc- 
tion as  M  P,  and  confequently  will  not  meet  the  eye 
at  O  :  fo  that  if  this  liar  fent  down  to  the  earth  only 
that  ray  S  M,  to  a  perfon  at  O  it  wouM  be  abfiv 
lutely  invifible.  But  it  muft  be  considered,  that 
every  luminous  point  emits  it's  rays  in  all  directions, 
and  that  all  fpace  is  filled  with  them. 

IV.  There  will  be,  then,  among  others,  feme  ray, 
as  S  N,  which  is  broken  or  refracted,  on  entering 
tlic  atmofphere  at  N  :  fo  that  it's  continuation  NO 
ihall  pafs  precilcly  to  an  eye  at  O.  The  refrafted 
rjy  N  O  is  not,  therefore,  in  a  ftraight  line  with  the 

.ray 
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LETTER    CXIX. 

Th^  Stars  appear  at  a  greater  Elevation  than  they  are^ 

Table  of  Ref rations. 

YOU  have  now,  no  doubt,  a  clear  idea  of  this 
Angular  efFeft  of  our  atmofphere,  by  which  the 
fun  and  the  other  heavenly  bodies  are  rendered  vi- 
fible  in  the  horizon,  though  confiderably  below  it, 
whereas  they  would  be  invifible  but  for  the  refrac- 
tion. I?or  the  fame  reafon,  the  fun,  and  all  the  hea- 
venly bodies,  always  appear  at  a  greater  elevation 
above  the  horizon  than  they  really  are.  It  is  necef- 
fary,  therefore,  carefully  to  diftinguiCb  the  apparent 
elevation  of  k  ftar,  from  what  it  would  be  were  there 
no  atmofphere.  I  fliall  endeavour  to  fet  this  in  the 
cleared  light  poflible. 

I.  Let  the  arch  A  O  B  (plate  XL  fg.  6.)  be  part 
of  the  furfacc  of  the  earth,^  and  O  the  fpot  where 
we  are,  through  which  draw  the  ftraight  line  HOR, 
touching  the  furfoce,  and  this  line  HOR  will  repre- 
fent  the  true  horizon.  From  O  let  there  be  drawn 
perpendicularly  the  ftraight  line  O  Z,  which  is  the 
fame  thing  as  fufpending  a  given  weight  by  a  cord. 
This  line  is  faid  to  be  vertical,  and  the  point  Z  of  the 
heavens,  in  which  it  terminates,  is  called  the  zenith. 
This  line  O  Z,  then,  is  perpendicular  to  the  hori- 
zontal H  O  R,.fo  that  one  being  known,  the  other 
rnuft  be  known  likcwife. 

II.   This  being  laid  down,  let  {plate  XL  fg.  7.) 

there 
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differs  not  from  the  SN/,  and  which  we  call  tha     | 
refraction.     For,  though  the  angle  S  N  j,  as  being    j 
the  external  angle  to  the  triangle  3  N  O,  is  equal  to  HI 
the  two  internal  and  oppofite  angles  taken  together,     I 
namely,  SON  and  N  S  O,  we  may  confider,  on  ac- 
count of  the  imracnfe  diftance  of  the  ftars,  the  lines 
O  S  and  N  S  as  p.irallel,  and,  coniequenlly,  the  angle 
O  S  N  vaniflies  ;  fo '  that  the  angle  S  O  N  is  nearly 
equal  to  the  angle  of  refraction  S  N  j. 

Vin.  Having  found,  then,  the  apparent  altitude 
of  a  ftar,  you  mull  fubtraft  from  it  the  refracl:ion,  in 
order  to  have  the  real  altitude,  which  there  is  no 
other  method  of  difco\'cring.  For  this  purpofe, 
afironomcrs  liave  been  at  much  pains  to  afcertain  the 
refraction  to  be  fubtraftcd  from  each  apparent  alti- 
tude, that  is,  to  determine  how  much  mud  be  abated 
in  order  to  reduce  the  apparent  to  the  real  altitude. 

IX.  From  a  long  feries  of  obfcrvations,  they  have 
been,  at  length,  enabled  to  conftruft  a  table,  called 
the  table  of  refradion,  in  which  is  marked  for  every 
apparent  altitude,  the  refraction,  or  angle  to  be  fub- 
trafted.  Thus,  when  the  apparent  altitude  is  no* 
il^ing,  that  is,  when  the  ftar  appears  in  the  horizon, 
the  Infraction  is  32  minutes,  the  ftar  is,  accordingly, 
an  angle  of  actually  32  minutes  below  the  horizon. 
But  if  the  ftar  has  acquired  any  degree  of  elevation, 
be  it  ever  fo  inconfiderable,  the  refraftion  becomes 
much  lels.  At  the  altitude  of  15  degrees  it  is  no  , 
more  than  four  minutes  ;  at  the  altitude  of  40  de- 
grees it  is  only  one  minute  ^  and  as  the  altitude  en- 
creafes,  the  rcfradion  always  becomes  leis,  till,  at 

length 
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tay  S  M  ;  and  if  N  O  be  produced  forward  to  x,  the 
continuation  N  s  will  form  an  angle  with  the  ray  NS, 
namely  9  the  angle  S  N  j,  which  .is  what  we  call  the 
xefracUon,  and  which  is  greater  in  proportion  as  the 
angle  S  N  R,  under  which  the  ray  S  N  enters  into 
the  atmofphere,  is  more  acute,  as  was  demonikated 
fav  the  preceding  Letter. 

-  V.  It  is  the  ray  N  O,  confisqucntly,  which  paints 
in  the  eye  the  image  of  the  ftar  S,  and  which  renders 
it  vifible :  and  as  this  ray  comes  in  the  direction  NO, 
as  if  the  ftar  were  in  it,  we  imagine  the  ftar  likewife 
to  be  fituated  in  the  direftion  N  O,  or  in  that  line 
continued,  fomewhere  at  s.  This  point  s  being  cfif^ 
ferent  from  the  real  place  of  the  ftar  S,  we  clU  s  the 
apparent  place  of  the  ftar^  which  muft  be  carefully 
diftinguiflied  from  it's  place  S,  where  the  /lar  would 
be  feen,  were  there  no  atmofphere. 

VI.  Since,  then,  the  ftar  is  feen  by  the  ray  N  O, 
the  angle  NOR,  which  this  ray  N O  makes  i^ith 
the  honzon,  is  the  apparent  altitude  of  the  ftar ;  and 
when,  by  a  proper  inftrument,  we  meafure  the  an^c 
N  O  R,  we  are  faid  to  have  found  the  apparent  alti- 
tude of  the  ftar ;  the  real  altitude  being,  as  we  have 
&ewed,  the  angle  R  O  S. 

Vn.  Hence  it  is  evident,  that  the  apparent  alti- 
tude RON,  is  greater  than  the  real  altitude  ROM, 
fo  that  the  ftars  appear  to  us  at  a  greater  elevation 
above  the  horizon  than  they  really  are,  for  the  fame 
reafon  tliey  appear  already  in  the  horizon  while  they 
are  ftill  below  it.  Now  the  excefs  of  the  apparent 
iltUudfi  above  the  true,  is  the  angle  M  O  N,  which 

differs 
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differs  not  from  the  S  N  j,  and  which  we  call  tha 
refraction.  For,  though  the  angle  SN/,  as  being 
the  external  angle  to  the  triangle  S  N  O,  is  equal  ta 
the  two  internal  and  oppolitc  angles  taken  together, 
namely,  SON  and  N  S  O,  we  may  confider,  on  ac- 
count of  the  immenfe  diftance  of  the  ftars,  the  lines 
O  S  and  N  S  as  parallel,  and,  confequently,  the  angle 
OSN  vaniflies;  fo' that  the  angle  SON  is  nearly 
equal  to  the  an^e  of  refracUon  S  N  j- 

VIII.  Having  found,  then,  the  apparent  altitude 
of  a  ftar,  you  muft  fubtra^  from  it  the  refraction,  in 
order  to  have  the  real  altitude,  which  there  is  no 
other  method  of  difcovcring.  For  tliis  purpofe, 
aftronomcrs  have  been  at  much  pains  to  afcertain  the 
refraftion  to  be  fubtraifled  from  each  apparent  alti- 
tude, that  is,  to  determine  how  much  muft  be  abated 
in  order  to  reduce  the  apparent  to  the  real  altitude. 

IX.  From  a  long  feries  of  obfervations,  they  have 
been,  at  length,  enabled  to  conftruift  a  table,  called 
the  table  of  refraction,  in  which  is  marked  for  every  ■ 
apparent  altitude,  the  refraction,  or  angle  to  be  fub- 
trafted.  Thus,  when  the  apparent  altitude  is  no* 
t^ing,  that  is,  when  the  ftar  appears  in  the  horizon, 
the«fra6lion  is  32  minutes,  the  ftar  is,  accordingly, 
an  an^e  of  af^ally  32  minutes  below  the  horizon. 
But  if  the  ilariias  acquired  any  degree  of  elevation, 
be  it  ever  fo  incon0derable,  the  refraftion  becomes 
much  left.  At  the  altitude  of  15  degrees  it  is  no  . 
more  than  four  minutes ;  at  the  altitude  of  40  de- 
grees  it  is  only  one  minute  y  and  as  the  altitude  en- 
creafes,  the  refraftion  always  becomes  leis,  till,  at 

length 
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^  at  /the  altitude  of  90 


length,  it  entirely  difap] 
degrees. 

X.  This  is  the  cafe-  when  a  ftar  is  feen  in  the  very- 
zenith  ;  for  it's  devaltoa  is  then  90  degrees,  and  the 
real  and  apparent  altitude  is  the  fame :  and  we  are 
fully  afTured  that  a  ftar  feen  in  the  zenith  is  achialiy 
there,  and  that  the  refradion  of  the  atmofphere  does 
not  change  it's  place,  as  at  every  other  degree  of 
altitude. 
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length,  it  entirely  difappotf!^  at  the  altitude  of  90 
degrees. 

X.  This  is  the  cafe-  when  a  ftar  is  feen  in  the  very- 
zenith  ;  for  it's  deval^mi  is  then  90  degrees,  and  the 
real  and  apparent  altitude  is  the  &nie :  and  we  are 
fully  aflured  that  a  ftar  feen  in  the  zenith  is  adually 
there,  and  that  the  refradion  of  the  atmofphere  does 
not  change  it's  place,  as  at  every  other  degree  of 
-altitude. 
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ABERRATION,  in  Afironomy  a  Dight  deviation  of  a  SUr 
bom  the  ftated  courfe.     La^n. 

AnoKPTiON,  the  aft  of  fucking  or  fwallowiDg  up.     Latin. 

ABfTKACTioM,  in  Philofophy,  that  operation  of  the  mind,  which 
pnrfues  a  general  idea,  without  attending  to  the  particular 
of  which  it  IB  made  up.  Thui,  Man,  Tree,  are  abfiraS 
idea*,  and  may  be  puiTued,  without  defcendlng  to  any  one 
indiTidiul  perfon  or  plant,  included  in  the  general  term. 
Accordingly,  all  qualities,  fucb  at  vihUene/i,  cruelty,  gene~ 
Tofit)',  are  aifiraS  ideas.     Latin. 

Accord,  in  Mufic,  the  fame  with  emeurd,  the  relation  of  two 
found*  which  are  always  agreeable  to  the  ear,  whether 
emitted  at  once  or  in  fucceffion.     Latin. 

AcHKOHATioGlaflcs,  in  Optics,  are  a  recent  improvement  of  the 
Telefcope,  by  which  the  inconveniency  ariling  from  th* 
conAlfed  tranfmiirion  of  ditt'crcnt  coloured  r 
Tented.  The  woul  ia  of  deck  cxlrs^on,  a 
nkurltji. 

AxKivoftM,  Latin,  having  iheU 

AxRotTATioM,  the  att  of  alii; 
ofaBftUoOD  filled  « 
Vol.  IL, 
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Affirm  ATI  vE-propo(it]on,  in  Logic,  a  propofition  which  afleits 
or  affirms ;  as  Man  is  viorial.     Latin. 

Air-pump,  a  machine  for  making  experimeatt  on  air,  chieflj  hj 
exhaufting  clofe  vcflcls  of  that  fluid. 

ALAEBRAy  an  Arabic  word;  it  is  the  Science  of  uni^erfal  Arith- 
metic ;  the  general  procefs  of  which  is,  by  comparing  fup- 
|>ofed  and  unknown  numbers  or  quantities,  with  fuch  as 
are  known,  to  reduce  fuppofition  into  certainty. 

Alkali,  an  Egyptian  word  ;  in  Chemiftry,  any  faMhmee  which, 
when  blended  with  an  acid,  excites  fermentation. 

Altitude,  in  Aflronomy^  the  height  of  a  Star  above  the  Hori- 
zon.    Latin. 

Amalgamate,  to  incorporate  mercury,  or  quickfilver,  with 
other  metals ;  fometimes  ufed  to  denote,  in  general,  the 
mixture  and  confolidation  of  feveral  fubflances,  fo  as  te 
make  them  appear  one.     Greek. 

Analagous,  having  refemblanoe  or  agreement.     Greek. 

Analysis,  refolution  Into  firft  principles,  whether  in  grammar, 
Jogic,  mathematics,  or  chemiftry.  To  give  an  inftance, 
in  Grammar,  which  is  perhaps  the  mod  familiar  to  a 
young  perfon's  mind,  an  anah/fis  of  this  fentence  ;  In  the 
Iftfriiini/i^  God  created  the  Heavens  and  the  Earth,  is  to  indi- 
cate the  various  parts  of  fpeech  of  which  it  is  compoied, 
and  the  grammatical  rules  according  to  which  they  are  ar- 
ranged. The  child  may  innocently  amufe  himfelf  with 
the  idea  of  a  Chemical  aualj/Jis,  by  a  fcicntific  procefs  ap- 
plied to  a  bowl  of  the  vulgar  liquor  called  punch.  To 
analyse  it^  is  to  afcertain,  by  feparation,  the  proportion 
of  fugar,  lemon-juice,  Ipirit,  and  water,  of  which  it  is 
com  jx)  fed.     Greek, 

An  a  rii  em  a  ,  and  it's  compounds ;  fomcthing  fct  apart  to  a  facred 
ufe  ;  generally  undcrftood  in  an  ungracious  fenfe  ;  devoted 
to  dcftruAion,  accur(ed.     Greek. 

A K atomy,  the  fcicncc  of  the  (Inidure  of  the  body,  and  the  art 
of  dilfciflitYg  and  reafoning  upon  it.    Greek. 

Angle, 
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Akgle,  the  meeting  of  two  lines  in  a  point,  but  fo  as  not  to  form 
of  both  one  ibraight  line.     Latin. 

AkT£Ced£MT,  in  Logic,  the  former  of  two  propofitions»  in  a 
fpecies  of  reafoning,  which,  without  the  interrention  of 
any  n^iddle  propoiition,  leads  diredlj  to  a  fair  concluiion ; 
and  this  concluiion  is  termed  the  Cwi/eguent,  Thus  /  re* 
JteA ;  therefore  I  eiift,  I  reflet  is  the  AtUecedcnt^  therefore 
lexlft  is  the  Confeqnent^     Latin. 

Aktipooks,  the  inhabitants  of  the  Globe  dianxetrically  oppofite 
to  us,  and  whofe  feet  prefent  ezadly  to  our  feet.    Greek. 

ApfiRTURE,  opening.    Latin. 

Apr&oxiMATioN,  a  coming  nearer  to.  In  Ailronomy,  the  gra- 
dual approach  of  two  ftars  toward  each  other :  in  Arith^ 
metic,  a  nearer  approach  to  a  number  or  root  fought,  with- 
out  the  poffibility  of  arriving  at  it  exa^y.     Latin. 

AquEDucT,  what  conveys,  or  conduds  watery  a  pip^  a  canal. 
Latin. 

AquEOUs,  watery,  confiding  of  water.    Latin. 

Arithmetic,  the  fcience  of  numbers.    Gicek. 

Astronomy,  the  fcience  of  the  heavenly  bodies.    Greek. 

Astrology,  the  pretended  fcience  of  predifting  future  events  by 
means  of  the  ilars.    Greek. 

Atmosphere,  the  body  of  air  which  furrounds  the  globe  on  all 
fides.     Greek. 

Axis,  in  Geography,  an  imaginary  (iraight  line  paiEng  through 
the  centre  of  the  Earth  from  pole  to  pole,  round  which 
the  Globe  revolves  once  every  twenty-four  hours.     Latin* 


B. 

Barometer,  an  inftrument  of  gkfs  filled  with  quickfilver, which 

indicates  the  prefltire  of  the  air,  and  which  is  in  general 

ufe,  ts  an  index  of  the  weather.     The  word  is  Greek,  and 

fignificf  veight^meafurtr* 

I  i  2  Bisect^ 


4^4  QLOSSART  OF  FORBIGII 

BifSCTf  to  cat  toCd  two  cquil  ptrtB.    Lilia. 

BiTumiiouf,  like  to,  or  confifting  of  Mmmm^  ft  &t»  daam^t 
caiU  jT  inflamiimUe  jnioct  dug  oot  of  the  aurlli»  or  feftBowd 
off  Ukei*  Amber,  pit-coftly  wad  ftlpbar,  aie  hard  Mhn 
mam*    Ladn. 

Bomb,  «  hollow  caft-inm  globe,  to  be  dirown  fiom  ft  f^edei  of 
greet  gtiii  called  "  Marfor,*'-aad  intended  to  bnrftbj  Ae 
force  of  gun-powder,  at  the  moment  of  fid&ng,  and  to 
icatter  deftraaion  all  around.  It  »  in  thia  Woik  iniiD* 
'  cendj  cmptojcd  to  explun  die  padi  of  all  bodies  Ibldblj 
thrown  through  the  air,  and  tlie  eSeft  of  gravitf  in  bring- 
ingaliheavjmoTtogbodieidown  todiegnmnd.  Latin. 

BoTAMT,  the  fdence  of  Planta;  or  tliat  part  of  natural  and  me- 
dicinal hifioTf  which  liaa  die  vegetable  worid  fi>r  ic^a  ob- 
jeft*    Greets* 


C. 


Camera  Obscura,  an  apartment  darkened,  all  but  a  fmall  cir- 
cular opening,  to  which  a  double-convex  glafs  is  fitted, 
and  by  which  external  objefts  are  reprefented  in  their  na- 
tural colours,  motions,  and  proportions,  on  a  white  table 
within  the  apartment.     Latin. 

I 

Cataract,  a  body  of  water  precipitated  frtfm  a  great  height. 
Greek. 

Catoptricks,  that  branch  of  the  fcience  of  yifion  which  relates 
to  rcfle^ed  light.  All  bodies  which  you  do  not  fie 
through^  but  which  from  their  poliih  and  brightneis  tkratD 
htnk  the  light,  belong  to  catoptricksj  fuch  as  mirrors  of  every 
kind.     The  word  is  Greek,  and  iignifies  backward  xifian. 

Cavity,  a  hollow.     Latin. 

CiusA-suFFiciESs  jujicknt  or  falhfying  catife  or  req/m,  a  jargon, 
employed  by  certain  Metaphyficians  of  the  laft  age,  who 
attcmfited  to  check  all  rational,  experimental  enquiry,  by 
calling  contiAually  for  the  ctnffa fyfieiemf  the  adefuate  cay/e 

of 
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of  every  h6t  that  occurred,  and  of  every  obferyation  that 
was  made;  while  thej  were  bewildering  thcnvTelvef,  and 
atteaipting  to  bewilder  mankind^  in  a  philofophic  maze, 
ufelefty  reafonlefsy  and  therefore  unfatisfa6tory. 

C1NTRE9  A  point  within  a  circle  or  fphere,  equally  diftant  from 
every  point  of  the  furface  or  drcu inference.     Latin. 

Chaet,  a  delineation  on  paper  of  part- of  the  land  or  of  the  Tea, 
or  both.    Latin, 

CfiiEMiyTRY,  or  Chymistry,  a  word  of  uncertain  derivation  ; 
the  fctence  of  feparating  compound  folid  bodies,  or  of 
compounding  fimple  bodies  into  one  mafs,  by  the  force  of 
fire. 

Chimera,  a  vain  and  wild  imagination.    Latin. 

CHORAL-muiic,  a  facred  band  compofed  of  voices  and  inilru- 
ments.    Latin. 

Chromatic  ;  in  Opticks,  relating  to  colour ;  in  Mufic,  tb  a  cer- 
tain feries  of  founds.     Greek. 

Circle,  a  round  figure,  having  this  eflential  property,  that  every 
point  of  it's  furroundiqg  lii^e,  called  the  circumference, 
(ball  be  equally  diftant  from  it's  middle  point,  called  the 
centre.    Latin. 

Circumambient,  encompaffing  round  and  round :  applied  par- 
ticularly  to  air  and  water.     Latin. 

Circumference^  the  furrounding  line  of  a  circle,  every  point  of 
which  muft  have  an  equ^  diftance  from  it's  middle  point 
or  centre.    Latin. 

Cohesion,  clinging  or  fticking  together.    Latin. 

Collision,  the  claihingof  one  folid  body  againft  another.  Latin. 

Comet,  a  ftar  with  a  fiery  train,  like  flowing  hair,  averted  fVom 
the  fun ;  of  uncertain  appearance  and  re-appearanoe,  but 
undoubtedly  £[>rming  part  of  our  folar  fyftem.     Greek. 

Complex,  made  up  of  various  qualities  or  ingredients.  A  beau- 
tiful, wife  and  good  woman,  is  a  complex  idea,  containing 
t^/tfree  difUndt  ideas,  beauty,  wifdom,  goodnefs ;  you  might 

I  i  3  render 
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t  complex  by  the  Miction  of  high-born, 
— but   I   mud  Dot   malEC  my  idcii  too 


ttaiiet  it  flill 

rich,    Tcligio 

complex. 

CoMPREssioK,  the  a&  of  reducing  to  a  fmaSIer  fpace  by  jtKffaTt. 
ConcAVE,  the  hollowed  furfacc  of  a  globular  body.     Latin. 
CoHctiuioM,  mutual  fhock,    by  i-iolent  meeting  of  two  folk 

bodies.     Latin. 
CoNDKNBATioN,  the  acl  of  conirafling  air  into  a  I'rnaller  i[ 

and  thereby  increafing  it's  elaftic  force,  that  is,  it'»  pourtr 

of  borftingout.     Latin. 
CoVQStk'ciOK,  the  reduAion  of  a  fluid  to  a  folid  Tubltance,  at 

water  to  ice  hy  cold.     Lttin. 
CoRCENTXic  Circle«i  one  withia  another,   hai-ing  a  commoa  J 

centre.     Latin. 
CoxiciL,  having  the  form  of 

by  lumiag  routid  a  rght- 


■ogled  t, 


1  if  a  figure  produced 
igle  about  it's  perpen- 
iiguilher  conveys  the 


\ 


dicular   fide; 

idea  ot  it.     Greek. 

CoHUqVEHT.  Take  the  trouble  to  look  to  the  word  AnttetdcnI. 
They  are  what  is  called  correlalke,  in  otber  words  the  one 
cannot  be  underftood  but  by  referring  to  the  AtheT. 

CoHnMAKCB,  in  Mnfic,  the  agreement  of  two  (buhdi  cmittMl  at 
the  fame  time.     Latin. 

CoKSTiTUSHT,  Contributing  to  make  up  or  compofe.  Th<at  the 
conllitucnt  parts  bf  gun-powder  vt-  faltpetre,  fndphur, 
and  charcoal,     Latin. 

CoMTiNUiTY,  uninterrupted  con oe^oo ;  ^  usnt^atcil  Rtiitm  of 
the  part*  of  on  animal  body,     Latin. 

Contexture,  an  interweaving^     Latin. 

CoHTQum,  the  extreme  bounding  line  of  any  6ti^eSt,  Children 
delineate  the  eonlmm  of  each  other's  Cinei  by  tradsg,  with 
a  pencil,  the  line  defcribed  on  the  wall,  when  the  face  ii 
placed  between  a  light  and  the  wall.  It  is  k  french 
VOfd.  '  , 

COKTERGEKT, 
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D1VBR.0BMT,  ftraight  lines,  gradually  rerooving  farther  and  farther 
from  each  other.     See  Convergent,    Latin. 

Diving- B£LL»  a  machine  of  wood,  glafs,  or  metal,  .in  form  of  a 
bell,  for  the  purpofe  of  condudUng  down  into  the  water, 
with  fafety,  perfons  employed  in  certain  kinds  of  fiihery, 
and  in  recovering  goods  loll  by  ihipwreck. 

Divisibility,  capability  of  being  divided.    Latin. 

DouBLE-coNCAVE,  an  optical  glais  which  has  both  furfaces  hol- 
lowed. 

DOUBLE-CONVEX,  an  optical  glais  which  has  both  furfaces  raifed. 

Ducat,  a  ducal  coin  of  gold,  current  on  the  continent,  value 
about  nine  (hillings  and  iixpence. 

DpCTiLBf  pliant,  eafily  drawn  or  fpread  out.    L»tin, 


E. 


Epfuloence,  luftre,  brightneia.    Latin. 

Elasticity,  a  power  in  bodies  of  recovering  their  former  fitua^^ 
tion,  as  foon  as  the  force  is  removed,  which  had  changed 
it.  Thus,  the  extremities  of  a  bow  are  brought  nearer  by 
drawing  the  firing,  but  when  the  firing  is  relaxed,  the 
bow,  by  it's  eiafiidfyj  is  redored  to  it's  natural  flate.  ^  It 
is  a  property  of  air,  as  well  as  of  folid  bodies.     Greek. 

Electricity,  the  difpofition  which  certain  bodies  have  of  ac« 
quiring,  by  rubbing,  the  quality  of  attra<%ing  other  bodies, 
and  of  em'tting  fparks  of  fire?  It  is  derived  from  a  Latin 
word  fignifying  amber ^  which  is  one  of  the  fubllances  en* 
dowed  with  the  eleftrical  virtue. 

Elicite,  to  ilrike  out  by  force.  Thus  by  a  (harp  ftroke  of  the 
flecl  on  flint,  fire  is  eliaitedm     Latin. 

Slogium,  pr  Eulooium,  an  ocatipn  in  pn^fe  of  one  abfent  or 
dead,    Gr^k. 

Elucidatiok, 
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Decompose,  to  feparate  things  compounded  :    thm,  in  printing, 

to  ctrHpoji  ii  to  arrange  the  type*  in  a  frame,  in  the  order 

af  words  and  fcnlrnccE  ;  and  to  dtcoa^eft  ia  to  ttke 

frame  to  piece*.     Latin. 
Deo&ce,  in  Geography,  ihe  three  hundredth  and  fiftieth  part  bTi 

the  circumferenco  of  the  globe  ;  it  cantain*  about  69  Elo^'' 

tilh  miles.     French. 
Dknsitt,  thicknefs.     Latin. 

Dephlogistic,  deprived  of  fiery  inflammahle  qualities.    Greek, 
Detonation-,  the  tbuoder-like  noife  produced  by  firing  off  heavy 

artillery.     Latin. 
Diagram,  a  figure  delineated  for  the  purpofe  of  inathematickl 

demonllration.     Creek. 
DiAMtiTEB,  a  Drajght  line  draw.n  through  the  centre  of  a  circle  or 

globe,  from  circumference  to  circumference.     Greek. 
DiAPHOKOUS  body,  that  which  eafily  trannnits  the  light,  aa  glafa. 

Greek. 
DiAPUKAGHt  in  optical  inftruments,  a  circular  piece  of  pallc- 
-  board,  or  other  non-tranfparent  fubltance,  applied  to  the 

objeA-glafs,  to  exclude  part  of  the  ray*  of  light.    Greek, 
DiATO|<io,  an  epithet  given  to  the  common  mufic,  at  it  proceeda 

by  tooct,  both  afcendii^  and  defcending.     Greek. 
DiLATl,  to  expand,  to  fpread  OTer  greater  fpace,     Latin. 
DiMnaiOH)  nieafure.    Latin. 
DioPTBicKi,  that  branch  of  th^folence  ofvifion  which  relatei  to 

Ihe  tranfmiffion  of  the  raya  of  light  through  tranfparent  bo* 

die*.    Greek. 
DiisoNANCE,  in  mofic,  found*  that  do  not  harmowxe,  but  arc 

harih  and  difagreeable  to  the  ear.     Latin. 
DiiTiacTiOH,  tendency  in  different  dircftiona.    X^tin. 

DtVEKGEKT, 


1 
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D1VBR.0BMT,  ftraight  lines,  gradually  rerooTing  farther  and  farther 
from  each  other.     See  Cmtvirgent.    Latin. 

DivxNO-B£LL»  a  machine  of  wood,  glafs,  or  metal,  in  Ibrm  of  a 
bell^  for  the  purpofe  of  conducing  down  into  the  water, 
with  fafetjTy  perfons  employed  in  certain  kinds  of  fiihery, 
and  in  recovering  goods  loll  by  ihip wreck. 

Divisibility,  capability  of  being  divided.    Latin. 

Double-concave,  an  optical  glafs  which  has  both  furfaces  hol- 
lowed. 

D«UBL£-coMVEx,  an  optical  glais  which  has  both  furfaces  raifed. 

Ducat,  a  ducal  coin  of  gold,  current  on  the  continent,  value 
about  nine  (hillings  and  iixpcnce. 

DpCTiLBf  pliant,  eafily  drawn  or  fpread  out.    Latin, 


E. 


Epfuloence,  luftre,  brightneia.    Latin. 

Elasticity,  a  power  in  bodies  of  recovering  their  former  fitua^r 
tion,  as  foon  as  the  force  is  removed,  which  had  changed 
it.  Thus,  the  extremities  of  a  bow  are  brought  nearer  by 
drawing  the  firing,  but  when  the  firing  is  relaxed,  the 
bow,  by  it's  elafticitt/y  is  reflored  to  it*s  natural  ftate.  ^  It 
is  a  property  of  air,  as  well  as  of  folid  bodies.     Greek. 

Electricity,  the  difpofitton  which  certain  bodies  have  of  ac- 
quiring, by  rubbing,  the  quality  of  attrading  other  bodies, 
and  of  eir/tting  fparks  of  fire?  It  is  derived  from  a  Latin 
word  fignifying  amher^  which  is  one  of  the  fubftances  en* 
dowcd  with  the  elcdrical  virtue. 

Elicite,  t^  ilrike  out  by  force.  Thus  by  a  (harp  ftroke  of  the 
fleel  on  flint,  Are  is  elioited.     Latin. 

Elogium,  or  Eulooium,  an  ocatipn  in  pn^fe  of  one  abfent  or 
dead.     Gr^ek. 

Elucidatiok, 
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FoKMOLE,  a  fet  or  ^tTcnhed  SuuUtd  :  t  fciwnic  tot  Mviag  ohk  J 
Ibematica]  and  algcbr&ical  qudlioai.     Laiio. 

Forte,  in  Mafic,  fordblf ,  in  c^poiition  lo  ptana,  fofily.     Latia. 

FomtTit,  in  Mufie,  one  of  the  faarmonic  inlerralf.  asd  the  bunk 
in  reffcA  of  agrecablcoefi  to  the  nr.  It  cootifu  of  two 
IbundB  blended,  in  th?  propottioB  of  4  to  J  ;  that  i«,  of 
foundi  produced  hj  chords,  whofc  lengdu  are  in  the  pi^ 
portion  of  4103.    See  Vol.  I.  Leilm  V|.  and  VII. 

FticTioN,  the  aft  of  rubbing  one  foU4  body  againR  another. 
Latin. 

FutiDiB,  that  may  be  eafily  mdted.     Latin. 


Hami-t,  the  (cale  of  murical  notes.     Italian. 

GxNUs,  kind,    general  dafa  contuning   fcTcnU   fpeciea,  which 

again  containi  many  individuals.     Ttvu,  Deg  is  the  genat; 

Grty/unni  ia  ih^Jptdet,  and  iigM-/Mt  the  indiTidual.    The 

XiBlin  plural  gcuera  is  in  ufe. 
GcocaarxYt  a  defbriplion  oT  the  Globe.  .  Creek. 
GEOMaTKY,  the  fcicace  of  quantity,  tnagnitwk  or  catcnlMn  at^ 

ftra^y  confidered.     Creek. 
GtAUCoOf,  azureMMloored.     Gnck. 

GL6BDtR,rmall  globe;  little  particles  af a  fpherlcal  fbrm.  Latin. 
Gkadatiok,  regular  progreA  from  one  Aep  to  another.  Latin. 
Gkavitv,  weight;  in  thefyflemof  tbeUniverfe,  that  principle 

la  all  bodies  which  prcflb  tbcm  down  to,  or  attrads  them 

toward,  their  centre.     Latin. 
Groove,  a  channel  cut  out  in  a  hard  body  with  a  tool,  fitted  to 

attothcr  body  whicb  ia  defigned  to  move  in  it. 
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H. 

Harmony  »  in  Muiic,  a  combination  of  founds  perfe^y  adapted 
to  each  other,  fo  as  to  produce  a  pleaiing  effect  on  the  ear. 
Greek. 

HEMisPHEREy  on^  half  of  a  Globe.    Greek. 

Heterogeneous,  made  up  of  diffimilar  or  difcordant  parts ;  it  is 
the  oppoiite  of  hcmogeneouSf  which  fignifies,  made  up  of 
things  iimilar.     Greek. 

Horizon,  the  line  which  terminates  the  view.  In  Geography, 
an  imaginary  circle  encompaffing  the  Globe,  and  dividing 
it  into  the  upper  and  under  Hemifpheres.  To  a  pedbn 
placed  at  either  of  the  Poles,  the  Equator  would  be  the 
real  Horizon.  The  feniible  Horizon  is  the  circle  viiibly  fur- 
rounding  tts,  where  the  (ky  and  the  earth  meet.    Greek. 

Humidity,  moifture.    Latin. 

Hydrography,  a  defcription  of  that  part  of  our  Globe  which 
coniifls  of  water. 

Hypothesis,  a  propofition  or  dod^rine  fuppofed  to  be  true,  but 
hot  yet  confirmed  by  irreiiftible  argument  or  fatlsfying  ex- 
periment.   Greek. 

I. 

Ij>ealist,  a  kind  of  Fhilofopher  who  denies  the  exiftence  of 
matter,  and  reduces  every  thing  to  idea  or  mental  image. 
Greek. 

Illimitable,  what  admits  of  no  bound.     Latin. 

Illumination,  the  ad  of  diffiiiing  light.     Latin. 

Illusion,  what  deceives  by  a  falfe  appearance.    Latin. 

Immaterial,  in  Phildfophy,  not  coniiiling  of  body  or  matter. 
Latin. 

Immersion*  in  Aftronomy,  the  difappearance  of  a  ilar  byan^ar 
approach  to  the  Sun,  or  the  interception  of  it's  light  by 
another  ftar  interpoiing  between  the  Sun  and  it.     Latin. 

Impenetrability, 
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Foum' 


01.05SARV  or  FORKKN 


lULE,  aretorpVcfcribcd  Anndard  :  afchcme  for  folving  a 
thematic&l  and  algebraical  queflions.     Latin. 
Forte,  in  Mulic,  forcibly,  in  oppofiiion  lo  piano,  fofity.     Latin. 
FoURTii,  in  Mufic,  one  of  the  hinnonic  intervals,  and  the  foutdi 
.         ID  refped  of  agreeablcnefs  lo  the  ear.     It  confiUs  of  two 
_^       founds  blended,  in  tlie   proportion   of  4  to  3;   that   is,  of 
founds  produced  by  chords,  whofe  lengths  ftrc  in  (ho  pro- 
portion of  +  to  3.     ScE  Vol.  I.  Utters  VI.  ud  VII. 
F&icTioNi  the  ad  of  rubbing  one  folIH  body  tgatoft  another. 

Latin. 
Fusible,  that  may  be  ealily  melted.     Latin. 


Oaml'T,  the  fcalc  of  mufical  notes.     Italian. 

Genus,  kind,    general  clafs   containing   fcveral   fpecies  wliicJi 

again  contains  many  individuals.     Thus,  Dug  i*  the  gemuf.  * 

Gr^fiWind  is  tliejjieaet,  and  Ugki-^t  the  indiTidual.    The  . 

Latin  plural  gtntra  '»  in  ufe. 
GEOGRArHYt  a  defcriplion  of  the  Globe.     Greek. 
Geometry,  the  fcicnce  of  quantity,  magnitude  or  utenllon  ab- 

ftra&ly  conlidered.     Greelc. 
Glaucous,'  uure-cotonrcd.    Greek. 

Globule,  fraall  globe;  little  particles  •£ a  fpherical  form.  Latio. 
Gkadatiok,  regular  progreCa  from  one  ftep  to  another.  Latin. 
Gkavity,  weighty  in  the  fyftem  of  the  Untverfe,  that  prind[^e 

)n  all  bodies  which  prefl'es  them  down  to,  or  attrafts  then 

toward,  their  centre.     Latin. 
Gkoove,  a  channel  cutout  in  a  hard  body  with  a  tool,  fitted  to 

another  body  which  is  defigned  to  move  in  it. 
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H. 

Habuoi^y,  in  Mulic,  a  combination  of  founds  pcrfcAly  adapted 
to  each  other,  fa  u  to  produce  a  pleafing  efieA  on  the  ear. 
Greek. 

HzMisPHBKz,  on^halfof  a  Globe.     Greek. 

Hetekogeheous,  madeupof  diffimilaror  difcorduitparts;  itia 
(he  oppofite  of  hmnogaumit,  which  figniiiet,  made  up  of 
things  limilar.     Greek. 

HoaizoM.  the  line  which  terminate*  the  view.  In  Geography, 
,  an  imaginary  drcle  encompaffing  the  Giobe,  and  dividing 

it  into  the  upper  and  under  Hemirpheires.  To  a  perfon 
placed  at  either  of  the  Poles,  the  Eifualor  would  be  the 
real  Horhm.  The  fenfible  Horixon  \»  the  circle  wfibly  for- 
Tounding  tis,  where  the  Iky  and  the  earth  meet.     Greek. 

HtTHtDiTV.  moifture.    Latin. 

HvDaooKAPHT,  adefcription  of  that  part  of  our  Globe  which 
conlifts  of  water. 

HrpoTHEsis,  apTopofition  ot  doftrixte  fuppofed  to  be  true,  but 
iiot  yet  confirmed  by  irreliftible  argument  or  fatisfjing  ex- 
periment.    Greek. 


I^ALisT,  a  kind  of  Philofopher  who  denies  the  exiOence  tf 

matter,  and  reduces  every  thing  to  idea  or  mental  image. 

Greek. 
Illiuitable,  what  admits  of  no  bound.     Latin. 
Illumination,  theadof  diffuGnglight.     Latin. 
Illusion,  what  deceives  by  a  falfe  appearance.     Latin. 
luuATEaiAL,  in  Fbitofopby,  not  condlting  of  body  or  mailer. 

Latin. 
iHMEasiQN,  in  Aftronomy,  the  dirappeatance  of  a  ftar  by  a  near 

approach  to  the  Sun,  or  the  interMM|Bl^U'*  light  by 

ajiothtt  t\ii  uiter[>ofing  b 
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iMPKNBTiABtLiTT,  that  property  of  all  bodies,  !d  virtue  of  wtucb 
no  two  cau  occupy  the  fame  fpace,  at  the  lame  dme. 

Impulsion,  the  agency  of  one  body  b  motion  upon  anotWi 

Latin. 
ImputabilitT)  the  quality  of  being  charged  upon,  or  alcribed 

unto.    Latin. 
Incii>ehce,  the  direOion  in  which  one  body  falls  upon  or  flrikes 

another  :  Hod  the  angle  formed  by  that  line,  and  the  plane 

firuck  upon,  is  called  the  angle  of  iaddaicc.     Latin. 
IiiDix,  the  fore-finger,  any  inflrument  that  points  out  or  indiaifti^m 

Latin.  J 

Individual,  one  Icparatc,  dillind,  undivided  whole. 
Incrtia,  that  quality  of  bodies  in  virtue  of  which  they  are  dif- 

pofed  to  continue  in  a  ftate  of  rcli,  when  at  reft,  or   of 

motion,  when  in   motion;  and  which  can  be  overcome 

only  by  a  power  not  In  body  itfclf.     Latin. 
Ikfinity,  boundlefTnefs,  applied  equally  to  fp ace,  number,  and 

duration:   in  )>j/i'f;i';t/M without  limit,  without  end.      Latin. 
ItirLBCTtoMi  the  a&  of  bending  or  turning.     Latin. 
Ikhbkcnt,  naturally  belonging  to,  and  iafeparahle  from.     Latin. 
Intellectual,  relating  to  the  underlUnding,  mental.    K^tin. 
iMTEHitTT,  the  flate  of  bang  ftretcfaed,  heigfatetied,  aficAed  to  a 

T«ry  high  degree.    Latin. 
Ihtekception,  the  cutting  off  or  obftrudioa  of  commuiucatiaa. 

Latin. 
IxTEKtECTi  mnlnslly  to  cut  or  divide.    Latin. 
Ihtkestice,  the  fpace  between  «>e  thing  and  tnodicr.  - 
IxrEKse,  having  changed  places,  indireft,  turned  npfide  down. 

Latin. 
Iitt),  the  circle  round  the  pupil  of  the  eye. 


i 
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t. 


Labtkihtb,  maze,  inextrlcatite  difficulty  or  per{^xity.     I^tm. 

Latitude,  in  Geography,  meafurcment  of  the  Globe  from  the 
Egualar,  Northward  and  Southward  to  the  Polei,  in  de- 
grees and  minutes.  The  d^cc  coutaina  about  69  Englifli 
miles,  aod  a  minute  is  the  fctieth  part  of  a  degree.  Tbe 
htgheft  poilibte  degree  of  Lalhade  if  at  the  PJei,  each  beii^ 
90degrMi  60m  ^le  Eqtatv.    X«tia- 

Lnn,  aroBRdglBra,<}oubk*c«ovex,  for  affiftingTiiion,  or  deriving 
&e  from  the  coUeAed  ny*  of  the  Sun.     LeHlkulor,  having 
the  form  of  a  lem. 
'  LEtm,  rifiog  or  falling  t9  the  lame  height.    Saxon. 

LiTntATi,  the  learned;  the  plural  of  the  Latin  word  littraim  a 

Logic,  the  art  of  right  rcaTooing,  for  the  purpofeof  Invefiigatin^ 

and  commufHcating  vicful  Inth.     Greek. 
LoNGiTUDB,  in  Geography,  meafurement  of  the  Globe  in  degrees 

and  minates,  pound  and  roand,  from  Eaft  to  Weft.    Latin. 
Lqhak-^iox,  the  flowing  and  ebbing  of  the  tide  fclalii«ly  to  Ac 

Mtwn,     Latin. 
LTMrnATic,  Tefleh,  flender,  tranrparent  tubes  through  vliich 

iifmpi,  or  a  clear  qcIourle&  fluid  ia  conveyed. 

M. 

Magnet,  and  it's  compounds,  a  flone  which  attraAs  iron  and 
fiecl ;  and  gives  a  nortlierly  diroAion  to  the  needle  of  the 
Mariner's  Compafs.  Art  has  been  enabled,  by  means  of 
bars  of  fleel,  fucceTsfuUy  to  imitate  the  natural  magntt  or 

loBOflopt 

Cllailicin.      Latin. 

Mahichgam, 


% 
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OMFKrAreft  Y,  m  edifice  reareil  foi  the  purpoft  of  aftroaomlcU 

ei/hvat'tmt.     Latin. 
Occult,  fccret,  unknown,  undifcovenblc     Ladn. 
Octavf.,  in  MuHct  a  regular  fucceffioo  of  notes  from  one  to  eight; 

■he  firil  4nd  tUe  eighth  having  tke  fame  name  and  emitting 

the  fame  fouml.     Latin. 
OcDLAR-lciu,  la  Optics,  that  elafs  of  ft  telefcope  which  is  applied 

OFA<fUE,  whatdoesnoltraortoitthcraj'sof  light,  not  tnnlparent. 

Uiiii. 
Optics,  the  Science  of  the  nature  and  laws  of  vifioi!)  oi  fight. 

O&B,  fphcre,  heavenly  globiUaT  bodjg    Latin. 

Orbit,  the  circular  path  in  which  a  planet  mores  rouid  the  Sun. 

si 
d^ciLLATioN,  altemate  moving  backward  and  fbrwud  like  the 
peuduluraof  aclock.    Latia. 


PAajkDox.  a-  tenet  which  exceed*  or  contradiAs  receiTed  vpiaioa, 

affirmalioD  contrary  to  appeaiancc.     Greek. 
PARALLEL-lines,  in  Grometry,  lines  which  through  the  whole  of 

their  length  msintaiD  the  fame  diftance ;  they  are  the  op* 

jtoAle  ol  cauiTrgenl  tuiddivtrgmt,     Greek. 
PakalleL[sm,  fl.-iie  of  being  parallel. 
'PaaALLFLOCRAM,  a  geometrical  figure  of  four  fidei,  having  thi> 

property,  thai  the  oppofite  fides  are  equal  and  panllel,  and 

tbcoppofue  angles  equal.     Greek. 
^SLLOCiD,  what  tranfmit*  the  raysof  light :  tranfpaKat.    Latia. 
PzMSDLUM,  aheavybody  fufpendedifo  as  to  fwing  backward  and. 

forward  without  ot^gftiout  ^  the  purpofc  of  metforisg 
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MicBOfCOPi,  ah  optioal  inftnimeiit,  which^  bfbmeaiis  of  a  grealljr- 

nkagiuiying  glafs,  renders  difiindlyvifibLe  olgeds  too  ini« 
nate  for  the  uoiiffifted  eye.    Greek.    , 

ICuip^in.Lc^,  the  fccond^  or  particular  propofition  of  a  f/l- 
.  .Ipgifin ;  for  example,  in  this  Syllogilm, 
All  men  are  mortal : 
But,  The  King  is  a  man  ; 
Therefore,  The  King  is  mortaL 
The  iirft  propofition.  All  men  art  martaiU  the  Major  i 
■  defecond,  tkt  Kmg  k  a  fnm,  is  the  Momt,  «nd  theft  two 
are  called  ihtpremife$;  the  thirds  the  King  k  mortal,  is  the 
•cobcltafioo.    Latiii*- 

MoBiLiTT,  eafineft  of  being  moved.    Latin« 

MoDB,  in  Logic^  particular  form  or  ftmftare  of  argiuiieiit« 


Monad,  a  minate  particle  of  matter  which  admits  of  no  farther 
AibdiTifion.     Gvedc* 

MoMOCHO&D,  a  muiical  infirument  of  one  firing.    Gredi« 

Mtofs,  ihort-fighted.    Greek. 

N. 

Nadx&,  the  Poiat  in  the  hearens  dir^ly  under  foot.    Ahtbic. 

Kavioxtion,  the  art  of  (ailing*    Latin. 

'  KsOATiON,  denial,  the  oppofite  of  ajfirmatum*    Latin. 

Notion,  thought;  reprefentation  of  any  thing  formed  by  tho 
mind.    Latin. 

O. 

'OijscTiTs-lcns,  in  Qptics^that  glafsof  a  telefcope  which  is 
'JtMrncAto  the  olje^  or  thing  looked  at.    Latin. 

^  *•!  iix^mt  pefpcQdicidiirt  not  parallel.    Latin. 

K  k  OBa&TATO&Y, 
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OMi-KtrxTonr.  tn  edifice  reared  for  the  purpofe  of  iftronomid) 

Occult,  fccret,  unknown,  undircoverable.     Latin. 

Octave,  in  Mufic,  a  regular  fucceflion  of  notes  from  one  to  aght; 

the  ftrli  and  the  eighth   having  tke  fame  name  and  emitting 

the  fame  found.     Latin. 
OcVLAR'lcnii,  ill  Optics,  that  glafs  of  a  telcfcope  whicb  is  applied 

lolhe  eye.     Latin. 
Ofa^ue,  wh'itt  (Iocs  not  tranfinit  ihc  rays  of  light,  not  tiaufparcRt. 

Laiiii. 
Optics,  the  Science  of  the  B^lurc  and  laws  of  vifion,  ot  light. 

Oks,  fjihcie,  beavenly  globular  bodjr.     Latin. 

ORBtT,  the  circular  palh  in  which  a  planet  movet  Tonnd  the  Sua. 

Latin. 
OiCiLLATioN,  alternate  moving  backward  and  fotward  like  th< 

pesdvlum  of  a  clock.    Latin. 


P. 


Paradox,  a  tenet  ^vbich  exceed*  or  ContradiAl  received  opinion, 

affirmation  contrary  to  appearance.     Greek. 
PARALLEL-Unes,  in  Geometry,  lines  which  through  the  whole  of 

their  lengtli  maintain  the  fame  diftance :  they  are  the  op* 

pofite  of  vonvcrgcnl  and  divtrgent.     Greek. 
PARALLELLsM.ilate  of  bcing  parallel. 
Parallflogkam,  a  geometrical  figure  of  four  fidea,  having  thit 

property,  that  the  oppofiie  fide*  are  equal  and  ptiallelf  aod 

the  oppofite  angles  equal.     Greek. 
ffiLLticiDtwbat  tranfmiti  the  rays  of  light :  tranliOreot.     Latio. 
PxHOVi-UMf  a  heavy  body  fufpended,  fo  aa  to  fwing  backward  and. 

forward  without  obftrvftioiii  fel  the  pwpoic  o~ 


a 
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time :  the  great  perfeaion  of  fucb  an  bilrtwent  is,  th^t 

CTcry  vibration  or  fwing  fhall  be  perfbrmed  in  exadly  the 

fame  quantity  of  time.     Latin. 
fnacEFtiONy  the  power  of  percdTing,  knowledge^  ecmfcioufnefs. 

Latin. 

Permeable,  what  may  be  palled  through.     Latin. 

pEEFENj^icdtAR,  in  Geometry,  one  line  ftanding  On  another^  or 
on  a  horizontal  plane,  without  the  flighteft  indinatioa  to 
one  fide  more  than  another,  and  forming  right  angles  with 
the  horizontal  line  or  plane.     Latin. 

Phalanx,  a  military  force  clofely  embodied.    Latin. 

PuASit,  appearance  prefented  by  the  changes  of  a  heavenly  body, 
particularly  thofe  of  the  Moon.  The  Greek  and  Litili 
plural  phafez  is  adopted  in  our  language. 

Phemomenok,  ilriking  appearance  of  Nature.  The  Greek  phirftl 
phenomena  is  in  common  ufe. 

Philosophy,  knowledge  natural  or  motal :  Syiteifi  in  cdrrefpoit* 
dence  to  which  important  truths  are  explained :  Acade* 
mical  courfe  of  Science.    Greek. 

Physics,  the  Science  of  Nature ;  natural  Philofophy..    Greek. 

Piano,  in  Mafic,  fbfUy,  delicately,  oppoiite  to  fortd.    Italian* 

PisTOic,  the  moveable  circular  fubftance  fitted  to  the  cavity  of 
a  tube,  fuch  as  a  pump  or  fyringe,  for  the  purpofe  of 
fiiftion,  expulfion,  or  condenfing  of  fluids.    French. 

Planet,  a  wandering  flar ;  tho(e  heavenly  bodies,  our  |^obe  being 
one,  which  perform  a  regularly  irregular  courfe  round  the 
Sun,  are  called  planets.    Greek, 

Plano-concave,  in  Optics,  a  glafs  which  has  one  furface  plane, 
,   and  the  other  hollow.    Ladn. 

Plano«<:onvex,  an  optical  glafs  which  has  one  fur^ice  plane,  and 
the  other  raifed.    Latin. 

PuEKVM,  fpacc  filled  with  fubfiance.    Latin. 

K  k  2  Plumb«lin£, 
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tliTiMigh  auothcr,  as  from  air  through  water  or  glal^< 

LAtin. 
R£^K^NCIBIL1TY,  difpolition  to  leave  the  dirdflcourTe,  capability 

of  being  broken  ot  rcfra<5ted.     Latin. 
REFRiNGENT-me4ium,  that  wbioh  alters,  or  bieaks  off,  the  courft 

ofrayG.     Latin. 
Ra»ti»i»CBNCE,  the  power  of  recollcftion,  memory.     Latin. 
Repulsion,  the  a&  or  power  of  ilriving  back.     Latin. 
RsaiNous,  confifUng  of,  or  finiilar  to  reliiii  the  fai,  fulphureooi 

cmaiutioQ  fruin  certain  v^egctables.     Latin. 
Resohakce,  found  repeated.     Latin. 
Respikatiuk,  the  aft  of  breathing.     Latin. 
Rbticulated,  formed  like  a  net.     Latin. 
Retina,  the  delicate,  net- like  membrane  at  the  bottom  of  tho 

eye,  on  whirh  «it  painicd  the  images  of  the  objacts  whicb 

we  contemplate.     Latin. 
RETBOoaADE,  moving  in  a  backward  dlreflion.     Latin. 
.    Revckbeeatiok,  the  aft  of  beating  or  driving  back.     Latiq, 
RpVEar,  loa&,  wild)  iriegular  meditatfon, 

S. 

SatillIte,  an  inferior,  attendant  planet  revolving  round  4  greater. 
Latin. 

SCAi-PKi-)  ^  chirurgical  inftrumeiit  ufed  for  fcraping  a  bone.  Latip. 

Science,  knowledge :  in  die  plural,  the  feven  liberal  art*,  namely. 
Grammar,  Rhetorip,  Logic,  ArithinetlC)  Mulic,  Gcome* 
try,  Aftronoipy. 

^roMfiVT,  in  Geometry,  part  of  a  circle  formed  by  a  firaight  line 
drawn  froni  one  cxtremit}'  of  any  arch  to  the  other,  and 
the  part  of  the  circumference  which  conftltulcs  that  arch. 
The  ftraigbt  line  is  denominated  the  chord  of  the  arch, 
ftpm  it's  rcfembhnce  to  a  bowfliing.    Latin, 


1 


Fr &lLH9if i»r>  m  ^niyel^a)  doubter ^a4  o^bdicv9.r ;  denve^  from 
the  name  of  the  Man. 


Q. 


Quadrant,  the  fourth  part  of  a  circle;  an  inftrument  of  that 
form,  contrived  to  meafure  and  afcertain  Latitude.    Latin* 

QuADRiLAT£aAL,conii(ling  of  four  fides.    Latin.  V 

Quotient,  in  Arithmetic,  the  number  refultiog  fifom  the  divifion 
of  two  numbers  which  meaf^re  each  otjher.  Tbu^  on  di« 
viding  36  by  4,  we  have  sl  quotient  of  9. 


R. 

Radius,  in  Englifli  ray,  a  ilraight  line  drawn  from  the  centre  of  a 
circle  or  fphere  to  the  circumference.  The  Latiii  plural 
radii  is  in  ufe. 

Raeef ACTION,  the  rendering  of  a  fubftance  thinner,  more  tran& 
parent,  it  is  the  oppofite  of  condenfation.    Latin. 

RatiOj  proportion.     Latin. 

Ratiocination,  a  procefs  of  reafoning,  a  deduftion  of  fair  con« 
clufions  from  admitted  premifes.    Latin. 

Rscipisnt,  that  which  recaves  and  contains.    Latin* 

Rsciprocally^  mutually,  interchangeably.    Latin. 

RscT ANGULAR,  Containing  one  or  more  right  angles.  A  right 
angle  confifts  of  90  d^rees.    Latin. 

Rectilinear, confifling  of ftraig^t  lines.    Latin. 

Reflection,  in  Catoptricks,  the  (ending  back  of  the  rays  of  light 
from  an  illuminated  body.    Latin. 

Reflux,  the  ebbipg,  or  flowing  back,  of  the  ride.    Latin* 

(Iefraction,  in  Dioptricks,  the  deviation  or  broken  off  conrfe  of 
a  ray  of  light  on  paffing  obliquely  from  one  medium 

Kk5  througk 


V 
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SvBiEKfrcE,  m«afi,  pajtry  eCape  or  «vafioii.     Latin. 
SUBTBaKAKEou},  underthc  furface  of  (be  ground.    Labn. 
Subtile,  thin,  not  denfe,  not  grof*.     Latin. 
SuPEBFtciAL,  uctemal,  extended  alang  tliEfurfaCe.     Latin. 
StipEKKATUBAL,  what  is  above  oi  beyoad  the  powen  of  Xature, 

Latin. 
SvuACK,  in  Geotnclry,  Icogth  and  breadth  without  thickncEi. 

French. 
Stllocism,  in  Logic,  an  argument  conMing  of  three   propo- 

fitiont :   for   example,  Eterj/  nirtae  is  comnteiidalU :   haatfiv 
'    it  a  viHve;   t/irrrfurt  hourly  it  contiueadable.     Sec  Major  and 

Mi  oar,     Greek. 
SrtTEM,  a  fchrme  of  combination  and  arrangement,  which  r^ 

duces  many  thioga  to  a  regular  conne^^on^  depeiul>i>CQ 

and  cooperation.     Greek.  ^  -     ."  .  ^r  - 


Takoent,  In  Geometry,  a  ftraight  line  touching  a  circle  extern 

nally  in  alingle  point.     Latin. 
"riLE-^coPE,  an  optical  inilrument  defigned,  by  the  maj^ifying 

power  of  glafTcs,  loreprefeat  dlftant  bodies  as  mticli  nearer. 

Greek, 
TEMFERAMEKT.fiatc  of  hotly  or  mind  as  produced  by,  ordejwnd- 

ing  upon,  the  predominancy  of  aparticular  quality.  Latin. 
TxNsiot-',  the  Hale  of  being  llretched  out,  wound  up,  diltendcd. 

Latin. 
Tesi'ity,  thinnels,  delicate  finenefs.     Latin. 
Term,  defcriptive  name,  or  phrafc;  component  part,  condition, 

Liitin. 
TERRACiUEOVs,  confifling  of  land  and  water,     Latin. 

ThiiOLoov, 
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SbmicirclC)  tb«  half  of  a  circle;  the  ferment  fonned  by  a  dia* 
meter  as  the  chord,  and  one  half  the  circumference  as  che 
arch.    Latin. 

SemxtonEji  in  Mu^c,  half  a  tone,  the  leaft  of  all  intervals  admitted 
into  modem  mufic.  The  femitone  major  is  the  difference 
between  the  greater  third  and  the  fourth,  it's  relation  Is  at 
15  to  16  :  the /emitone  minor  is  the  difference  6£tht  greater 
third  and  the  leffer  thirds  and  it's  rdatioo  is  as  94  to  25. 
Latin. 

Sensation,  perception  by  means  of  the  fenfes,    Latin. 

S^fiBSy  regular,  fettled,  proportional  order  or  progreffion,  as,  ia 
numbers,  9,  18,  27,  36,4$,  $4,  63  are  in  %  ferle*.  The 
word  is  the  fame  lingular  and  plural.     Latin. 

SisVj^NTH,  in  Mufic,  the  inverted  difcordant  interval  of  the  Seami^' 
called  by  the  Ancients  Heptachordon^  becaufe  it  is  formed  of 
feven  founds.  There  are  four  ibrts  of  thtjhventhf  of  which 
the  following  are  the  proportions  in  numbers ;  as  5  to  9  : 
as  8  to  15;  as  75  to  128 ;  as  81  to  z6ot  it  is  harih  and 
unharmoniotts. 

Solar-tide,  the  flux  and  reflux  of  the  tide  relatively  to  the  Siai. 
Latin. 

Solution,  demonftration,  clearing  up  of  intricacy  or  difEcnl^. 
Latin. 

Sonorous,  emitting  loud  or  flirill  founds.    Latin. 

Species,  kind,  fort,  clafs:  fee  Genus*  It  is  the  fame  in  fingvlar 
and  plural.     Latin. 

SpECTEyM,  an  image;  a  viiible  (oriu*    Latin. 

Sphere,  Globe.     Greek. 

Spheroid,  approachiqg  to  the  form  of  a  fphere,  but  fomewhal 
lengtliened.     Greek. 

SriRiTUAL^  not  confiding  of,  diilinft  from  matter  or  bodj.  Latin. 

SuBLll  place;  in  Chymiilrj,  raifed  by  the  force  of 

SpBTuuruaBt 
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SuBTEHFUGr,  mean,  paltry  dcape  or  tviiioo.     Latin. 
Su»TEKRANEODs,  under  the  futf.ice  of  the  ^ouiid.     Latiii. 
SuBTiLE)  thin,  not  dcnfc,  not  grofs.     Latin. 
Superficial,  external,  extended  along  the  furface.     Latin. 
SupEBNATUKAL,  what  16  abovc  ot  beyond  tlie  powers  of  Nature, 

SvBFACE,  in  Geometry,  length  and  breadth  without  thiclcncls. 

French. 

Stllogism,  in  Logic,  an  argument  conlUliug  of  three  projjto. 
fitions;  fur  example,  fcirj  oirluc  is  canimaidable :  hontfii/ 
U  a  viHue ;  llicrefure  hani-^i/  it  comraendaUf,  See  Major  and 
Miaor.     Greek. 

Ststkm,  2  fchcme  of  combination  and  arrangement,  which  re- 
duces many  things  to  a  regular  coDneftion,  dei>cndaace 
and  co-operation.     Greek. 


T. 


Takgbnt,  in  Geometry,  a  ftraight  line  touching  a  circle  exter- 
nally in  a  Tingle  point.     Latin. 

Telescope,  an  optical  inftrumenl  defigned,  by  the  magnifying 
power  of  glaflcB,  to  reprefenl  diftant  bodies  a»  mticli  nearer. 
Greek, 

TE.MPERAMEKT,ftate  of  body  or  mind  as  produced  by,  ordqwnd" 
in  g  upon,  the  predominancy  of  a  particular  quality,  Latin, 

TrNsiON,  the  ftale  of  being  ft  retched  out,  wound  up,  didendcd. 
Latin. 

Tesiity,  thinnefs,  delicate  finencfs.     Latin. 

Term,  defcriptive  name,  or  phrafe;  component  part,  comlition. 
Liitin. 

Terbaisueous,  confifting  of  land  and  water,     Latin. 

TrtSOLOOV, 
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TrboLoot,  fyilematic  Divinity,    Greek. 

Theorbm,  a  propofition  announced  for  demonftration,     Greek* 

Thso&t»  a  doftrine  contemplated  and-conceired  in  the  mind»biit 
not  yet  confinned  by  irredflible  argument,  or  fatisfyinj^ 
experiment.     Greek  • 

Th£Rmomets&»  an  indrument  contrived  to  meafure  the  heat  of 
the  air  or  other  body  by  means  of  the  rifing  or  falling  of  a 
'fpirituous  fluid.     Greek. 

Third,  in  Mufic,  the  firft  of  the  two  imperfisft  concords,  fp  calM 
becaufe  it's  interval  is  always  compofed  of  two  degrees  of 
df  three  diatonic  founds.  The  tunx  major  or  greater  thitni^ 
is  reprelented  in  numbers  by  the  ratio  of  4  to  5  :  and  the 
lejer^  by  the  relation  of  5  to  6.  See  Vol.  II.  Let.  VL 
andVn. 

TiDS,  the  alternate  rifing  and  falling,  of  the  Water  in  rivers,  and 
tdong  the  ihores  of  the  Sea.    Saxon  and  Dutch. 

ToNi^  in  Mafic,  the  degree  of  elevation  which  the  voice  afiTumeSp 
and  to  which  inftruments  are  adapted,  in  order  to  the  har* 
moniouB  execution  of  a  mufical  com{x>fition  :  a  pitch  pipe. 
Latin  and  Greek. 

Transit,  in  Afironomy,  the  paffing  of  one  heavenly  body  over 
the  difk  of  another*     Latin. 

TmAMSMisstON,  permiffion  to  pafs  through.     Latin. 

Transfarsnt,  clear,  what  may  be  fecn  through,  as  air,  water, 
glafs.    Latin. 

Trai^svsrsb,  in  a  crofs  direftion.     Latin. 

Triakole,  a  geometrical  figure  confiiling  of  three  fiderand  three 
angles.    Latin. 

'  Tubs,  a  pipe;  a  long  hollow  body.    Latin. 

ToNicLB,  a  txnall  coat  or  covering.    Latin. 


Vacuum, 


CtOSSART  or  FOREIOM 


Vacl'cm,  empty  Ipacc.     Latin. 

Valve,  a  moveable  membrane  In  the  vefleis  of  sn  animal  body, 
and  imitated  by  art  in  the  coaflruclion  of  various  machlnesf 
which  opens  for  giving  paflagc  to  fluids  in  one  direiftion, 
but  fliuts  to  oppofe  their  return  through  the  fame  palTugc 
Latin. 

V«LOCiTv,  fpced,  fwiftncfs  of  motion.    Latin. 

VaancAL,  perpendicularly  over  head.  Vertical  angles,  in  Geo- 
metry, ate  thofe  formed  by  the  interfeftion  ol'  two  liraight 
lines,  in  whatever  dire^ion,  making  four  in  all  at  the  point 
of  intcrfeiftion,  and  of  which  the  mutual  two  and  two  we 

ViasATioK,  rapid,  tremulous  raotloQ  backward  and  forward. 

La,i„. 
VisL'AL,  relating  to  vifion  or  light;  belonging  to  the  eye.     Latin. 
VixaEOts,  conipofed  ol",  or  rcfciiibhng  g\aSs.     Latin. 
ViviP,  lively,  brilk,  fprightly.     Latin. 


ULTtMATE.  final,  beyond  which  there  is  no  farther  progrefs. 

UmsoN,  emiffion  of  the  fame  or  harmonious  founds.     Latin. 
Untenable,  what  cannot  he  maintained  or  fupported. 


1 


W. 

Wamino,  gradual  diminution  of  apparent  magnitude  and  light. 
Saxon. 
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Waximo,  gradual  increafe  of  apparent  magmtude  and  light;  par« 
ticulailj  of  the  Moon.    Saxon  and  Daniih. 

WiKD-GUN»  a  gun  which  forcibly  enuti  a  ball  by  means  of  com* 
prefled  air  or  wind. 

Z. 

;Zbnith,  file  point  in  the  heavens  direftly  perpendicular  or  ver* 
tical :  exaAly  over  head :  the  oppofitc  of  Nadir,    Arabic* 


T.  GiUctt,  Primer,  Salisbury-s<|uafe. 
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